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Thls paper réports on a. longltudlnal <tuay of the

3acqulsxt10n cf the voicing contrast in Anerican-fnglzsh uerk-iniftai
- stop. ccnsonant s, as revealed through instrumentail an&1y51s of voice

- onget time characteristics. .Pour monoljinqual children were recéfded

at approxznately tvo wegk. intervais, beginning when the children were

about 1;6. Data provide evidence for three-general stages: (1) the

child Bas no contrast and produces both ,ddult voiced and voiceless

stops with short Iag voicing; (2) - the Chlld has a contrast but_ one»;

; . that falls within the adult perceéptual boundaries of one (usually

voiced) ;hcnele.’and thus is presumably not perceptible to aduits; v
and (3) the child has a contrast that resembles the adult contrast.‘,‘

Three children had reached. stage 3 by age 1;9 the fourth child was

still in stage 2 by the age 2;4. In ad&ition, the data document the

+ development cf the voicing contrast across the three places of

articulation. The rate and nature of the developmental process are

$n -a ad i 3

discussed briefly in relation to two: competing models for.

phonological acguzsiticn (the “across-the-board" model. and the

"lexical diffusion" ﬁodél)»and two hypothesec regardlng the. sktlls

being learned.
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_ 2t 3% n ‘American- English word- initial stop co'nsox}ants, as’
' revealed t rough 1§trume"ntal analysis of voice. onset time characteristics
Foury monolig‘uél..e'idren \tere recorded at appl\oximately tWQ wee ,interyal: s,

<«

-
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: 'f'","; ild has no. contrast and produces bot adult voiced

and voicelezs'j"’ ® 5. h drt lag voicihgi €2) the thild hag.a contrast but”

one within: fhe adult -’ perceptual houndaries 'of one (usually

- one which gl 23
voiced) phonen"-w thus‘:;s resumably not perceptible ;0/ adults, and ).
t.' Three children

'thé child.has" a&t.qptrast .v?lﬂ'ic ‘resepbles the adult. contrg
had “Yeached stage 3 by ageijf;9;. the fourth child was st"l -in stage 2 by the.

age 2;4. In" addition, th data document the cteyelo ment of the voicmg
contrast across .the thre€ places of articulation. - The/rate an' 'nature of the
developmental process are djScussed briefly . in. rel’tion to two,‘ competing
models for phonological .ac quisition (the ‘'across-yhe- -board" model: and the:

*lexical diffusion’ model) and two hypotheses r'_ arding the skills being
learned.- . F PR “oe .
- 10 raﬁfaaaéfiaﬂ |

§ - 76- 08968) to. Gharles A Ferguson and,’_‘ Borothy A. Huntington; Bepartments of
QO Linguistics and ‘Hearing and Speef" Sciences,_ Stanford University. ¥We -
I gratefully .acknowledge their supporf. during all” phases of the research.. We _

.would also like to thank Harold /Clumeck; John_ Kingston; - Lise Menn; Carl :

[;L " _Muller, and Deborah, Ohsiek for the ir assisténce a¥ vartous stages’ of the data
collection and analysis. A short vErsion of this paper was. given October’




‘of relative

_»;‘/; . R S . -

B Althougﬁ the glottal featnres related to the voi'ing contrast are

7

'and Haile 13} ; 326 9, Ladefoged 1971, 7 22), it ‘is gene’aily agreed that a -

s1ngle phon
pdependent. phonetic. components which nonétheless tend to
,'eovary Andggaiall  the articulatory and perceptual elements whieh are
relevant to MY onological ,voicing contrast, the one which has probably,
'received the most attention is voice onset time (VOT), that:interval between

the release of stop closure and the onset of vocal fold vibration

-iCal ‘voice: distinction in any ianguage nay consist of a number'

Lisker and Abramson in the1r seminal 1964 articie claim that VOT 1s

the single, most reiiable feature separating Voiced Vojceless stop cognate

pairs 1n languages of the world regardless of h

'v01c1ng begins about 75 to 125 miilrseconds (ms)\prxor to burst release,

short lag, where voicing begins . from 0 to 25 ms ter ‘the release, and long
‘lag where voicing begins 60 to 100 ms .after the burst. The median values for
these ranges are -100 ms; +10 ms and +75 m5~respectively (Lisker and Abramson-
1964). In English, the voiced phoneme is typically short lag. (qlthough some
speakers use some amount of voicing lead), while the voiceless phoneme is-

. characterized.by long Tse LT \_,

’

[}

' Because of the Lisker ind Kbramson claim--which has received
substantial support from the f1ndings of other research%rs--that VOT rgliably-

distinguishes voicing stop cognate pairs in initial . position, and also

‘because ‘there is a large literature documenting "the VOT characteristics-of
voicing in the speech. of adult speakers of. English, ve have chosen VOT &5 the’

- unit of andlysis for our study. - We assume thén that as the child -acquires

'

' productive control over voicing, VOT values-will change soncomitantly. over .
- this- time period 'We will define the presumed gdal ‘to which the child is’.

- progressing as those character1st1cs of adult English stop..phonemes described o

"in the lxterature in terms of VOT. - The aims of our study are to specify the

temporal characteristics of iery young' ch11dren s stop productions,f to

’

determine the age-at which children acquire the ‘voicing contrast in English ,"

and to document the process by wh1ch it is. acquired 2
. S

4 »

fthere is wide

“which English
may wvary from 1;3 to 2; 8: 1;3 and 1;4 (Moslin 1976); by 1#9 and 1;11- (two

. subjects im Barton i976),,2 0 (béobold 1947), 2,1 (Velten 1943), by 2;2 (one "’

isagreement in the- child phonology literature.. The age at

-

2. This study is part of & cross- lingu1stic studi:offthe_aéguisition of the

voicing contrast in initial ;stops in English, Spanish and Cantomese. A Data..
from the other laneuaces and cross-linguistic compmarisons will be treated in~

)

Wlth gfspect to the age- at. which the voicing contrast is acquired,_

peaking children acquire voicing in initial stops apparently -



" the glettis,/ the'

- :(1941/1968; ‘
".used short lag stops . (i. NP 'voiceiess and unaspirated' in Jakobson s

$ terminology) Kewley-Port and Preston 1974 claim that" short: lag stops are
used first: /because they are art.lculatorily easier to control than either Tead

;; f_,v_L:_ . —76- , ;" lg;. ‘ IR _g

subject ,m Bond and- Wilsorf1977), 2 4 (‘vAajor 1976),42 8 (Smi“th 1973) noaa_'

age range 2 5 to 2,11. 0ss-sectiol
Engiish speaking children acquire thlS contrast by at least 2'6 (Zlatin and

Koenigsk'n’é'cht 1976; and Gilbert 1977). . A few studies of childPen acquiring -

"languages other than Enghsh--}&nguages which ‘have' ‘at, least a contrast -

betweeén short and .long . iag stops--report ages for individual children as

. follows: "1;'5, German (Lorentz, pers. commun. ),7 1;7, Garo (Burling .1959); and
-+ 2;0, Hindi '(Srivistava -1974; -specifically voiceless, unaspirated by 1 1,
' pr6v61cea by 1;4, voiceless-and voiced aspirated beginning at 2;0): Lin 1971
“reports that three children acquiring Taiwanese still: made errors’ on the long -

ldg stops at 2;0. 7 The, differences betweén the findings of -these studies no
doubt in part stem from dtfferences in methodology (ei.gs  the criterion.f

”"adopted for detex‘mimng 'acquisition ), but there are undo tedly. -at least.
" -some individual differences between the children studied. - AT

' - ’ . i B
AR . - : N A SR .
; : . . . - .

.
] 7

' there is overwheiming agreement on what type ofs vo;cing

—

\j;iS used fir.st by ch1 dren.f Jaﬁobson @n‘ 1941 accurately observed that "sof

~are generaIly pronounced as voiceless and unaspirated" -

14) In aii the 'studies we surveyed _the children studied first

or long iag stops. . " L o ' ,»,”

e While the literature substantia'iiy demonstra:tes the priority of‘,,

T short 1ag stops, different studies provide conﬁlicting data on the question

\

of: w‘hether ‘childrén first acquire a voicing contiast in a particular place of

- értrculation (before other places); -and whether the rate:of acquisition,. once

beg(m, is rapid or slow.as the voicing contrast spreads thrgugh all places of
articulatioh, all ‘words and all . types of speech.. (e.g. g{g:taneous versus
1m1tated speech) Towards. our -goal  of .documenting e process of

’acquisition, we exaﬂline'stops at all three places of articulation, in g °
-var1ety ‘of different words, and 1n several types of speech, :and we examine .
'developmental changes in- the data for - ev1dence supporting the two major,

competing. models which have been advanced to describe- the. rate and .-
characteristics of change in phonology acquisition--the ’across the- board«{ R
model (Smith 1973) and the 'lexical diffusion' model (Hsieh 1972 and. Ferguson

and’ Farwelil 1975); In order to look in-depth at the acquisition process, it—f
as/ necessary to restrict our analysis to. word initial position; thus,. :

- will not’ provide data on whether voicing is acquired differently in different

L

’3' n generai, childrenfappear‘tgiiearn the voi;cing diﬁst’inctionﬁaqong stops

in initial position before in other. positions in'the word; however, the’

PR Lado .



. 2.0 Method - ST T L e i ';;
, 2.1 Sibjects o e
B Home interviews with prosgective subjects and their families were s

i‘conducted to determine the degree of‘“cooperation, ‘the verbal level; response,,;

—3 —— —-— = —— — =y

to pict;ure books; and approximate vocabulary size and- phonological system of
the children: - Four children were selected to be .subjects because they were »
~ monolingual speakers of English with no siblings of- scpool - age, they were
prodmcing dat ‘least some initial stop words, ‘they_shos eyidence of normal
language deyelopment, and ‘they appeared 'to Resfooperative. , Table I givesl_,,,
pertinent da{ta on .the - four subjects,- who will here _be 1dentified as Tom,

'Te'ssa, Jane ¥nd Jay ‘all §ub;1ects are children of professional parents ’

‘akl . the children except Jane are ‘native speakers of
American English Jane's mother was borm. in Canada. but _has:- -spent the last
six years in the United States j /It was-not expected that the slight" Canadlan;'.
accent of .Jane's mother (which/ poticeably only affected ‘some vowels and the. -

'_ .stress of gané nords) would effect Jane s acquisition of voicing.- None of

children had been exposed ‘to & language other than inglish. R R T

Tom, 'Tessa, Jane and Jay were using between 50 and 100 wor‘ds at the '

beginning of recording when ‘they - wete. ~1; 6. 24, 1% 28 16 19 and 1;7.9 .
-respectively (ages .are’ given in years, ‘months and days} Audiometric

' 'écrééniné of ‘the ‘children ‘vas done by the staff of the Audielogy Clinic,
' Stanford Medioal School, all children were assessed as having . normal hearing. R

e . . 3
. . PR . -

- 2.1.Data coiiéetion

: 'I‘he chlldren were seen. approxxmately every two weeks for af eight—
-month period All the children were seen weekly for a short period of time

' at the beginning'of the study. One subject, Jay, was seen™an extra tliree .
" times after the’ study had been offlcially ended. Sirice Jay's family moved to
Boston at the end of the study the last session was recorded under -

v
-

- . . - . . R
R

4 ’fgp insure that this study would have longitudinal data from four:

children, i fifth child was .recorded also. Had one of the: first four . =

"withdrawn, from the study, the fifth child would have become one of the four .
subjects.. .Since the first fouh stayed in the study, d ta from the fifth

Zoiseld IITIDZICx IS Sl CzIdsiiizczanccoa
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' comparable recording conditions, at Boston University.f’f Tablé: 2 ‘gives “the. age
. * . .and the humber of Vcorrect' stop- initial words produced "By gach child on each
. session: 'Correct' means ‘that the child's _production began with a stop of -

".the same’ place of - articulation as the initia stop in the ajul't word. ‘

!

g _ » , T L o _ S S
o RS ) AN : ': A . S oo .- : ’

Each session was conducted in a high quality soun;g isolated roo

* o T(with aégaa&ed control -room) " at the Stanford. Speech Research Laboratory.
’ 'Redording.\ was Fgde 'on a  Revox A77. tape reCorder with & : Sony . Electret\\
. ..mjerophone. which was. attached to‘a soft cloth Vest which the child. wore:. In
", .. most cases; & parent was:present, -Al} 7testing wa$ conducted by the same
.. Experimentef, a native speaker of American-English.. The’ bserVer, who sat in-
‘the control room, ran ‘the tape recorder, took notes on ., he session and 'ké"p't.a‘

tally of the number of sto§p initial words produced by the child for all six o

777777777 -

stop: consomts S

-

L e Sessmns were between tyenty and thirty minutes Iongc. The goal for .
each session was to obtain at least fifteen tokens. f,or ‘each 5top c nsonant
The observer. would indicate towards the end of - the: sessmn that certain.

.number :of words'be'gi%nmg with particular stops were needed . _The:
experimenter would - tlhen. focth on words beginning with those stops. This
" number was estimated to be the maximum number. ef tokens which.  we could -

» ‘reasonably:expect to obtain from children aged 1;6 and the minimum number of
tokens required for statistical ana'lysis.. During the ea,rllest sessions; it

was d&fflcultr however, . to obtain ninety - target 1tems (fifteen tokens per.;"' '

'?stop) from three of: the four children. R e R
N ;A' T . . i B '~—:_.;.,;"" ‘4\ " ‘

. Stimulus materials included a specf‘lly constructed stimulus book,

_ several chilgren 'S picture books, & small wooden puzzle and many small: toys. f-‘_;

,"‘Word lists vere obtained frequently from the parents; objects for. or .pictures

““of stop-initial words that- each chiid knew were ther added to the stimulus
materials.; Occasionally the parents 'brought toys Or. books with which the:
child was. familiar. During the sessions the children played with the toys,

:'-‘.looked at pictures, and were encouraged to speak

AR “Since We" discovered that all the children used few g- initial words
(at least: at the” beginning of the study) and that  fewér p-—initial than b=
. initial, wo‘rds were. used by at least some of the children, ve introduced a few
) words (e 8+ g__, gate; - and ‘penny) 'which were then . learned at some- point by -

e

the children, Pa’rticularly for g- and p-initial wprds, we relied Heavily on
' the parents who would either bring the thild's toys <(e.g. Piglet) or would
- help us sdt up ganmes. which would elicit & particularsiord from ah individual -

- child (e.g., driving a car inﬁéka pretend- garage). The lexical. asymmetries
' for each. child will- be discussed \in the results sections._ In general the
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malority of words prodUced ;' the children were either smgle syllable words. .

-(of the* form CVG) or. two syl able- Words w1th 1n1t1a1 sj&l/lable stress;  in the

' earliest” sessions; all “the children produced more b-* d- and k- inftial words -

than words beginning wi h p— e A and g- (although the f‘requency of d- .and: t-
- initial -words was often similary.*. The: tinstability of 7p/ and-7/g/ in stop°

’ systems of languages of the world has been diseussed by Gamkrelidze 197S°and

Ferguson 177 . N

TR -"z;rz.nafa analysis [T TR S

reco‘rder and listening under Super St -pro B- V head phones. 'i‘he tape script»-'

- .inc¢luded a1l words: that the’ child said; however, only, those 'target words'
‘that the ch11d said wete phonetically transcribed Target ‘Words were those._ .

., . that began with an 1n1tial singleton stop fn the adult model and for ‘which

the child pfaauééa a sbop of the correct’ place of ‘articuldtion (as judged by

fl the transcriber)6 see Table 2 for the total number of such wotrds produced on
‘each session b;" each child. N For these words, the initial- phone. was -

trafiscribed narrowly and’ the rest of the: utterance somewhat more’ broadiy:

-The' transcription system used ‘is  that’ ‘of 'the: International Phonetic

Association with a supplemental symbology and diacritic system devised by the

“.Stanford Child Phonetics \Vorkshop (Bush et. al. 1973) _ _

. X .
. - S
>

TS Preceding context and -the gloss were noted. for all productions.:

The- following system. of classification was used for all, tokens: ' .5 =

spontaneous' I = imitated; R*-vrepeated (1. & a repetition Of ‘the child's own -

‘previous- utterdnce); E = elicited (.e: the. chiid's response to.a question,

~not containing the targst word, asked by the experimenter); and M = _modelled

- (i e ‘the. child's proﬁuction of g4 word . spokpn by the experimenter after some
intervening speech either Chlldr or adu‘it-produced) , \

_ rd
r

PR cL -\,'~ . . -
i N - co - . . 7

6 Although consonant harmony 1s a w1despread phenomenOn in’ child phonology

(s&e" Vihman 1977), our subJects,~- who were evidentiy beyond the consonant

‘harmony  stage; -rarely . made place errors ‘(less’ than 1%--0of the productions

" showed 7 place errors). - Nevertheless, the “'correct place of artict‘ﬂla.tion'

- those collected from the- Project Spanish and Cantonese subjects, who produced

criterion was required to insure that the ‘English data would be comparable to '

~ more harménized; forms: in all- three .studies then only '‘correct' stops weré

analyzed."‘ Althoogh we know of no study which demons‘trates that; during the
‘stage wheén voicing is. not contrastive, a-stop substitute in a harmonized

production (e g,, the in1t1al (k] -in- [koki] for doggie) id ; any .different from{ e

' ‘otper stops -of the same place (e;g- (k) in [KoUt] for goat or the [k] in

TPT+T1 far l?iffv\

fhn nRéeiniliro: fhn?‘ cnﬁh nhnnne'nrn Ad FPavant AAITA wladé -

PR
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s%sswns from e&ch' suhjeét ‘were selected for. instrumental analysis The.

' purpose behind selecting anchor ‘points was to sample. throughout the data.

- Thus,. these anchor points were at -approximately two month intervals,

beginning with the first sessions and. ending with the last ones. However, in
the earliest sessions; not all. the children produced the- requisite fifteen

' -tokens of . each stop consonant, for these children, the first tvo on three

S conducted at close time intervals. Thus, i1 some eases, data’ from several'-'

;= sessions were collapsed' these cases are clearly identified. in the. tables..

' . When two: orsJiore sessions were. combined, equal proportions of stops were

C .

* " emphasd

“\taken from each session s .

" Wide-band éan"d in s‘omé cases;. narrow-band) spectrograms Yere made

of the gfirst fifteen tokens of each:stop type on a Kay Sonograph (model ‘7029

';ADC,, ‘wiith an added custom shaping circuit (HS2,. 12 db high frequency pre-

)).- To acHlieve better temporal resolution, utterances weré recorded -

‘ e; the Xay in the 160- 16)( modé (which resulted in'a-time base of 41 ms per

centinfet—er and a scanning filter width of 600 Hz) and were reproduced with'

. scale: magnifier set at 0 to 50%. Measurements of VOT were made at the same

time on‘a Tektronix Os.cxlloscope with storage capability (Type 64), which

was used in conjunctiorr with a locally designed and constructed triggerirng

jsyst.em. D1rectl'y following the oscilloscope’ measurement, VOT -was measured on
‘the spectrogram(s) When the oscilloscope and spectrogram measurements‘
fdiffered by more than (IS, the problem was identified and then resolved by -
‘ f'urther instrumental analysis. . Inm .all _cases whete possible -the . time scale '

tised was 2 ms or 5 ms per centimeter “In general, iY the difference “between.'

the twoimeesurements was. equal to or -less -than. 3 ms,ifthey were “aweraged to
give a final VOT, value. However, .. for VOT values greater than +50 ms ‘(i.e..

‘cases in which ‘the time scale had to be- set’ at 10, 20 .or .50 s per: division),

- . fine time resolution was more difficult on thé osciiloscope (due. ‘to- greater

compression of. the signal in each time division),.and greater reliance was
placed -on the spectrogram neasurement ;The procedures | for  instrumental -

“analysis and VOT measurement “are descr'ibed in detail in the report of .our |

piiot study (see ;ﬂuntington e% als. 1,977) T NG soa
- . ,‘i;': A "“ . - e v; o " ' )
_,“ N - CE . o 1‘ .

A if én iittéiéh'c* presente&za problem which the researcher copld not_ _ '

solve, all spectrograms for the ~{tem were presented at: thé’ weekly group |

" meetings whetre. :Project staff (four to sixe persons) discusded ‘and resolved the

P

\_‘

problem: - AC stall  Lould - I

-agreemen ) 'The’ utterange’ Was nbt ‘included in the: statistical’ ‘analyéls. 'The

criteriaf' or reject’ion. of an-utterange from VOT measurement were: 'hoisy!
e.g.; ¢ ming toys. during the -child"s production); 'voice everlay' (where

an. adult' * voice .was supag%mposed over ‘the .child's and each "could  not

reliablyx’oe‘semratéd by :
vojceless .. ‘vowel';. and . 'cohtinuous -voiéing? ~where voir.i;ng continued -

' uninterrupted from the child's previously voiced" segment) . Less: than 72 of-
‘the.. total set of utterances “from all childrenrﬁere rejected. . .;' > ,

.the féw cases’ where the staff” eouid not . reach unanimous

'*rrow_-band “dnalysis); \'y burst'; 'fouowing;;” |



CETe

Each author carried out the transcription and instrumental analysis'_

for two subjects. At approxmately two month intervals, reliability checks
- were made. Por ‘these - checks; six items “werée selected (usually- the. first
. token of ‘eachi’ stop consonant. on -tape). ?’ Each author‘* transcribed,;

“instrumentally analyzed and measured each item: - - In several cases, the six

‘ .,'1tems had been analyzed by one.or the other author several months previously.

reliability In the. reliabili%y”theck procedure .(as in the ‘regular analysis'
procedure); provision’was made td( dllow an observer to 1abe1 any ‘utterance as
a problem which should then be referred to the weekly group meetings: Three

Thus, " the comparison : check® " thdicated’ both tnter- ~and intra- observer_'.

. of the 35 reliability check 1tems» were identified s .problems by ‘both authors -
'_1ndependent1y Excluding- ‘these three items,, the two authors agreed to within_ _
6 ms on 97% of the items checked: Buring the weekly group meetings, Projecti',

-staff resolved the problems for. two of the three problem utterancé"s, the
‘ V‘thll'd 1tem 'was rejected. .

- 7_;~ :
t B

For gach child; each anchor pomt was. analyzed separ‘atelya When~ i

definitive VOT values - were obtained for fifteen tokens of ‘each of theﬁsix a

stop consonants, separate frequency distributions were’ drawn and the . mean; -
standard deviation and. range calculated Tests of significance werg made - of:l

the differences between, the mean VOT of the' ‘voiced and Voiceless phonemes at’ .-

- each place of: articulation. Throughout,; - ‘the probabilities given ate for one- -
. tailed t tests Where F values are mgnificant, separate variance estimates’--‘

“Ln general, when the airréiéaeég between means wvere significant, they vere '. °
highly signjficant; and when they were not significant, they were not at a11~-‘_1,,'._§.
close to:significance: Since the distributions.were not completely normal; - '

“in tha few cases. where differencss between the means were: just significant, &

non- parametric test (the Mann-Whitney U test) was. also usedi' ' .in ‘all cases; -

R this test gave the same- level of significance as the parametric t- test. o

L.
L

: CLE ‘.the differences betiveen the means for a voiced voiceless pair-“-
was significant at. one Enchor point but not at the preceding pomt, the

~the point. of change., If ‘the. differences -between the “means : for a. pair Wereg s

. not significant on contiguous sessions or anthor. points, the:. data from -these

sessions: were combined for additional statistical "analyses: - the difference“"‘ .

between the means for each - pair from ‘the collapsed sessions were compared:

(one=tailed  t- tests), and a . tyo-i way analysie of variante was carried out.

Thus, there are two separate cases 'in which’ data from separate Sessions were
collapsed > "Y1y cases fn which the child en’ early Sessions. did not- produce:

the requisite fifteen tokéns per “stop; .and" (2), .cases in -which_ the data did '

v not, show a  consistent \significant. difference ‘acrogs: several centiguous',_,

"+ sessions. The decision- to collapsé.data.in the; later caggs was motivated by. "

-the’ assumption that if no signif’icant ohange occurred ‘ovet. the time pLeriod,_

the "data .from that time peri‘od represented a: single stage and thus were
comparable. - “i. ‘ : o SERRRNCY
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3.0 Results T oo

T s Data from individual children will be discussed in sections- 3. 1, K

\

L ATom); 3.2 (Tessd);- 3:3 (Jane) gnd ‘&4 (Jay): Tables 3; 4, 5 and.6 tentain .

“the mean VOT, number of. tokens, standard deviation and' range of produetibne

. for-. each stop. consonant on each séssion enalyzed for each of the children! .

Also’ included in these tables ave the; signiftcance levels for the. difference |

' between ' the means for . each volced-voiceless pair - for “each . session; - -
B significance 1evels, glven are’ for oné~tailed t- tests. Figures 1, 2,.3 and 4
..* ‘plot the’ fangé of individual tokens of - each stop consonant in'each session of . |
Tom, Tessg, Jane and Jay respectively. ‘The taple dand figure for éach, child's &
data will .appear’ in the apprapriate section: The discussien“in section 4. 0,-

will focus on the similarities and differ‘ences across children. S LR

R
'

»

v’ N \
M . ¢ ’ * . Yo N -

P . . . .
i ‘

In the following sections, reference will be ‘iade "to prlmarily .

Wy

- three cat,egories of “data (terms in" ‘quotation marks will be. given precise
- ‘definitiogilfin the following paragraphs). 'CATEGORY I. :Data show nio evidence:.
. for .the quisition of'"& .coftrast:™ the' tokens for both the voiced and
voicele: sho
. same’ incidence of prevdtcing)" ‘and the. differencé between ‘the means for each -
‘. pdir ‘of stops. is -pot’ significantly. different,rhor is{;bére a consis'ent
.relationship between the means -such that over. a number of:sessions;’ m -

for the. voiceless stop ‘is. glvays longer than the meen for. the voiced) stop. .

"stops” fall -within- the "short "lag region" (and’ typically show ‘the.

W

y ,EATEGORY 11, Bata p:ovidae evidence for the, acquisition o; g contrast‘ which L
‘.'is, however, not adult-’like’ the difference between the mean VOT values of

Ky o 2o M

’ the vo:ced and voiceless stops fall, within*the ad.ult perceptual "phoneme
boundaries" -for. the voiced stop: (Category -FI=A)- or ‘close to within. these.

boundaries. (Category I1-B), Category 11-A da‘ta are: particularly interesting

.. because. the contrast that the child is making “is presumably not - perceptible
.. to adults:. “For ;:ategory II B- data, ‘adults would ;presumably have difficulty
"recogniztng the: contrast, :sifce - the majority of voiceless stop tokens

-typically failt within the adult perceptual - boundaries for  the voiced stop.

CATEGORY II11. Data resemble "adult values'“ the means ‘for the. child'

voiced and voiceless stops fall within the appropriate phoneme bounderieS‘ in

P Gategoryﬁlll A; the means for - the. VOiceless stops ' (and,usually the voiced’--
w stops also) are con51derably longer than adult means, and in Category III-B;
. the mean's for - ‘the voiceless stops (and. ~t\he voiced stops) ‘4ré shortened back )

toward adultymeans: It appears that. these categories may. in. ~fact refl

; "thrée general developmental steges, ordered as presented (see <gection 4 0 l'

. - ,.'-
LS
B

S R We will -adopt - the following conventions for“ defining the phonetic e-
" regirg,ns ‘'ofi* the. VOT continuum. “The "short lag region" Will .be" ‘from 0 to +20 3
for. labial and alyeoiar’ stops (following Kewley-Port and Preston ‘1974
(apicals only); and' Zlatin and Koerdgsknecht 1976" (1abials.and apicals)), .and

"'from 0 :to +40 ms for velars (ef. Z1atin and Koenigsknecht l§.76)_ Thls_
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coﬁtparison of “our data to the data in Kewley <Port and: ‘Preston on which they
base their claim that ‘the VOT values for a majority of productions by"f

ln addition, as- defined it fits reasonabiycweii with the tisker and Abramson

defmition of short lag -(0- to '+25 ms) and, with the range of short. lag’..f_
productions reported by those authors for English /b7 0. to +5 ms; 7d/ 0 to o
‘;;_ ,+25 ms; ' /g/ 0 'to +35 ms. -We will need ‘to refer to-the "sfiort 1ead‘region" -

for labiaiﬁ anﬁveolars. this: region will be -20 .to -1 ms ‘(preveiced velar
stops were extremely rare) This short lead region; fwhich is fot precxsely
? defined in.any . $tudy; corresponds roughly to .the ihole just below. zero" that

Lisker and Abramson state’ to be the one region on the vor contmuum which is

not utilized 1in voicmg systems of . languages of the world._, The "long lag
: région" will be +60 to +100 ms; and the -"long lead region" will be’-125 to

-75 ms,;. - ),Yowxng the i:isk.er and Abramson generat‘ descriptions (1964).,. S
\ . l ¢ ) A . B : N . . \“;v

the children s data may be compared, We use the adult data reported in Lisker’
‘and Abramson 1964; Klatt '1975; and. 21atim~F974, .Since these authors report—f 7

-slightly different ‘mean VOT values for ,each stop, we will. asSume that _a™ -

- ¢child's :VOT. meanrfor d stop is "adukt- like" if it 'falls within the range of,
mean VOT values reported for that stop-in the adult data: /b/ +1 to #11 ms,‘ N
/d/ +5 to +17 ms; /87 +2i to' +27 ps; /p/; +47 to. +65 ms; /t/ +67 to_ #75 ms; o5

and /k/ +70 to +85 mss Sécondarxly,the child's data will_ be judgf\d -adult-+ -
_like<if ‘the inter-place’ relation’ship is consistent (i.e. labi 1's shorter than
~alveolars;. which..are "shorter: than: velars) .and . the .child's ,voiced and"”
 voiceless stops have non+ overiapping ranges (a” Eharacteristic of adult stops;
-reported in some but’-not all "studies): ‘-Presumably, . compar}ble adul't ldata_ -
- (eig; fully conversational) would show . overl&p between ranges; however, the -

R . D e & «

.children must learn to produce at least faifly discrets categories, and - 'to do.
.,so, they must reduce (if noty eliminate) the number of-extreme tokens. Tt was °

. not expected that any’ of the children would show{aii these t,_l,rr_e,,e'*'f'

' charaétéiistzés of adult speech. o o = Loe
) L ; ) : \ . . ; o ‘
: ,In discussing Category I1I- A data, We - will f1nd it helpful to
o discuss’ the mean ‘VOT values for the children's production data in relation to.

the "phoneme boundaries" in  aduit perception. Simiiar to the . slight' -

: ~d«iSparity between figures in: reports on the: mean: VOT.. values of stops pﬁoduced;‘w;
by radult: Eninsh speakers, ,there is also some, disagreement as" to the’ precise; L
location of: ‘the. boundary between the vorced‘ and voiceless phonemes (liey the' L

B e

50% perceptual cfoss-over point) in the perception ‘titerature on 'Engl
Here, wes will adopt a compromise set of figures +30 ms- for labial and:
lveolar phonemnes; and #50' ms for the velar phonemes (cf. ‘'Lisker and Abramson_

- 1969b; Zlatin 1974 Pisoni and Lazarus 1974, iand others) We do th‘is:-.-'in'-,




“means for both. child phonemes (and the VOT values for the majority of tokens)
fall within or neariy within the boundaries\of one aduit phorene; an ‘adult
"will -either fail ‘to_ perteive or . at least have ‘considerable trouble
' coﬁsistently hearing the contrast that the child is making.' We - will futher

, éssumé thét &n aduit wouid categoricaily perceive the child's productions in
fmiost cases as - belonging to the adult voiced phoneme, and suggest that, ‘since.
the child continues to. jmprove-this contrast in the appropriate direction; it

appears ‘that the child does so in the absence " of dgrect positive
reinforcement from adults. ' e , ‘

I} .

(e. g. foreign speakers of English) or. to unusual listening circumstances

(e.g. as on a telephone line). It is- possible that with repeated exposure to

the child's spééch, & parent could learn to hear the child's contrast. We
.will assume that there must be limits to such perceptual adjustment. For

exampie;. Hirsh 1989, "Hirsh and - Sherrick 1961, Stevens and Klatt 1974 and

- Pisoni 1977 claim that roughiy 20 ms is the minimum. amount of -difference
'between the temporal onset of two events--such as betﬁeen a burst and the
onset’ of- voicxng--required for a listener to” judge ‘the two events as

sequential; . a Judgment which would be necessary to the identification of

— 3 T — e """ — — - ——

'English pﬁaﬁémie voicelessness. ;If approximately 20 ms does in faot

' sess1on 6. when the VOT means were +5.07 ms' and +14 43 ‘ms respectively -

(kp=, 029) and where 84% of all tokens fell within the 0 to +20 @ms range: =
' While the psycho-acoustic basis for the perception of voicing in initial
position  (e: 8. the +20 ms argument in Pisoni 1977) may be disputed,: the
categorical nature of - adult perception is not;, and it is ultimately ‘on this
basis that we will assume there to be limits to the perceptual modification

— In- these cases where the children .WETE, achieving a significant
difference. between the means and yet where both ‘neans fell within the
perceptual boundaries- for one. adult _phoneme (Category 2); we--as ‘trained

phoneticians--do not believe that we. can reliably hear the contrast (except
for those tokens that fell well outside the boundary), and we were in fact

“surprised by the -results. Since VOT-is only one of several acoustic .cues for

the perception of voicing in English it is possible that some other
attribute (e.g.: burst amplitude or fundamental frequency of the following

vowel, _etc) could be found in the children s productions and used by an

'perceive the differences. Gieariy, the perceptibility of these early 'within

one aduit phoneme' contrasts requires further investigation.

- -

7 A preliminary study on this issue is plannEd. phonetically trained

e ' ) . :
r. ‘ N . ‘

[~
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~To evaluate these early jchrgt;ra;sfgsﬁangif tﬁheﬂ;sfimiigr;'g'ﬁiﬁthin

the adult voicéless phonene was consistently longer than and yet not

significantly different from the mean for the voiced phonmeme, we:examined the
variables of: (1) vowel ‘height; (2) stress, (3) individual words; and (4)
mode of elic1tation. Both a high vowel and a stressed ‘vowel (variables 1 and

Vthe VOT of a preceding voiceless (i.é€.- ‘long - 1ag) stop &nd 'in some cases- to
affect the VOT of a preceding short lag stop (see- Klatt 1975 and Smith 1975
on vowei height;. and Lisker and Abramson 1967a- and Klatt:1975 on stress)

”, 2 respectively) heve'been reported. -by- a8t least some : researchers to. -lengthen

" The lexiCal diffu51on model. of sound change (cf. Chen and Wang 1975) “may be

1nterpreted to predict that when the voicing contrast is- beginning to emerge,

to other lexical items, thus, the difference in the mean VOT between a voiced

contrast was correctly produced in imitated utterances earlier than in
spontaneously produced utterances (variable 4). 1In all cases, no correlation

was found: thus 4t is not the case that the longer mean VOT. values for the

voiceless stops ' (in Category 1II) were caused by a. greater. incidence: of
voiceless stops in stressed ‘and/or - high vowel environments or in imitated
productions; or by the behavior of individual words. Throughout the corpus

for each child; tokens for any particular word showed.the same range of VOT
values as the general range of- VOT values for the stop consonant as a whole
(a. few exceptions to the general pattern will be discussed in the following
sections)u Of the four variabies, stress was- largely irrelevant; since

nearly all of the children's productions in these early ‘stages were one word
utterances of initial syllable stress stop words., We conclude then that such'

voiceless .and voiced stops indicate some attempt on -the child's part to
distinguish in production between the members of cognate pairs. These

appropriate. Since no similar analyses of data in Category 111 were carried
out; we therefore do not rule out #he. possibility that stress, for example;

) may have ‘a significant effect on long lag stops

In the following~sections for each chiid, we will discuss the data
for each child ip relation to the three categories and in relation to' the
perception and production characteristics of adult voicing described above;
the main goal will be to describe each child's individual path of

. development. In.addition, each section will discuss other characteristics
© (In some cases; idiosyncratic) of -each child's productions, as for example
the distribution of initial stop words in the. child's vocabulary ("lexical

asymmetries")

students (unfamiliar with the resuits of the present report) will be asked to
transcribe approximately '75 stops characterized by VEery short VOT values
(i e. 534 ms), the stimulus itcms to be transcribcd are a randomly selected

M

14



. 3.1 Ton 7
— At the beginning of the s‘tudy when Tom was is'zi,ﬂ his ‘de't;e'
reveaied a bias towards words beginning with /b7, 7d7 and 7k7 (figures below

are for the total number of different words and tokens produced on sessions .
i 123y /b/ 12 words, .64 tokens; /p/ 6 words, 15 “tokens; /d/ ‘7 words, 40
tokens, /t/ 3 words,,o tokensj /87 1 word; 2 tokens; /k7.7 words, 26 tdkens.
‘I‘he distr‘ibution ‘Wasy however, feiriy even by sessfon 7.+ Since not. .enoug
_ tokens of /t/ and /g/ were collected from the first anchor pdint- (sessions

- through 3); sesstons 4 apd KS were aiso ana}yzed‘.’w Only the data from session

~

1;~, 5 will. be presented, since session 4. containea only 1 /g/ token and no- /t/ K
~jtokens. ' o ) . .

.
«

Tom's data shovr evidenee for a significant voicipg contrast at atl

three _places of articulation throughout the: study; although the mean vOoT
valud for voiced and voiceless stops usually fell within the appropriatef
short and long lag regions, there were _Somé chianges over time. : '

. on sessions -3 (1i6.24 to 7.7, the nean VOT ‘vames for /ptk/

‘are considerably -shortér than adult mean values (Category 11-B). The mean -
VOT values for /b/ and /d/ are within the _range of adult /b/- and /d/ mean -

vatues ¢the mean for /b/ is +7.6 ms; excluding n’egative VOT tokens). Tom's

two values for -/g/ are similar to: his means for /b/ and 7d/ but are

. considerably shorter than adult /8/ values, would be.” (TeBie 3) h:

Although Tom's mean VOT values are not adult-like, there was very
‘little overlap between the ranges for the voiced and-voiceless stops, and
Tom's contrasts were. generally perceptibie to aduits. - Only five /p/ tokens -
fell in the short lag region and six (40%) fell within the perceptual
' ‘boundaries for the aduit /b/ phonene. 'Fb’r ‘the alveolars, although ‘there were

and none of the /t/ values fell in the short lag region; however, three of
the /t/ tokens (50%) fell within the adult perceptual boundaries .for /d7.
Similariy, for the velars; although there were only two /g/ tokens;" both were

short lag and only three of fifteen /k/ tokens fell within the short lag -
rdnge; however, six /k/ tokens (40%) fell within the adult perceptual .
boundaries for /g/: . (Figure 1). Thus; Blthough the range of values for
/Py t;k/ (up to +85 ms; +106 ms and +140 ms; respectively) show that Tom
clearly had a phonological ‘voicing distinction, the fact that 40% or 50% of
all voiceless tokens fell within the adult voiced phoneme perceptual

'Boﬁn&éries means that Tom had not fully mastered prodiuctive control over

voicing, and it is 1likely that adults would 1label neariy half of his
'voiceless' stops as being phonemically “voiced' (Category II-B); nearly half
of his 7/p;tik/ stops were in fact transcribed as voiceless, unaspirated

ek |
an
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... Data from Sessign ‘5 (1;:8. 29) are very different: the mean voT .

.values for /tk/. are considerdbly longer than adult mean values - (Category 111~

A) and the mean VOT values for: /bdg/ Fikewise increased (Table 3%. ' The mean
for /p/ falls at the lower end of the range (+47 to; +65 ms) reported «for /p/

in. the speech of aduits, since the mean. for /p/ is within the adult range; it
should be categorized as IIIB." "This case is opne of .two (see section 3. 2)
that are exceptions to the. general rule that ‘the child's mean for a voiceless
.consonant. shifts abruptly from Category IIB to Category IIM1A (cf.  the -

dISCUSSIOH -in section 4): ,
. [ T i | : :
. L - ! . [ ’;

- -Data from se551ons 6 through 10 show that Tom is graduelly
-shortening the, VOT valiies for- /tk/ and 74/ back toward adult iike values, the

‘means for /b7 and /p/ increase -on' 'sessions 6-7 to values longer than adult -

‘values (Category I11A) and” then \decrease on session " (Table 3).
Unexpectedly, ‘however, the mean VOT for 7g/ continued to increase such that
‘on sessions 6 and 7; it fell nearly in the perceptual boundaries: for adult

7k/ (n: b: 7Abramson and Lisker 1967b report approximately +40 ms as the: .
boundary -between /g/ -and /k/ for adults). By session 15 (2; L. 17)=~the last _
recording session--, the . means- for most stops fall within the appropriate?

short or. (moderately) Yong lag regions, however, ‘his stops are not completely -

adul t- likerrhfor example,,his mean for 7p/ is conéiderably shorter than .an -
adult /p/ Wwould be,‘while the means for /t/ and /k/ are’ longer than the f-
respective adult means would be. Without data from- subsequent ‘months; %t is

impossible :to determine what trend is being established. = Since’ studies of

adults have shown that VOT values for stops embedded in sentences are shorter
than the VOT values for stops in: isolated words, it is réasonable for .Tom's . .
VOT values to.decrease somgwhat; sincé he was producing- increasingly longer.
sentences 'as he was maturifig; thus, ‘the.plausible hypothesis of. - the

interaction of sentence length with: "stop. ‘VOT values would apply to.the change-‘
seen in /p/ on 'sessisn 15.. However, the means for /t/ and /k7 (which had

been decreasing since session 5) increased agaip on-session" 1§;° whether this S

represents what could be considered ‘normall- fluctuation within a single

stage or a, significant developmental change cannot be known: o

4 . . B B
. . . ‘

B e 2
While there was the change in mean Vot values described above, it.

7as nevertheless true that throughout the study, most VOT valuestor all six
stops ' fell- within the perceptual- boundaries far .the - appropriate adut t
phonemes. For ‘the voiced stops; Tom produced some tokens with voicing lead
(range® -1047- 13 these prevoiced tokens were usually)for the voiced .labial

stop. There were very few tokens of the voiced .stops which fell in the adult

voiceless phoneme boundaries. In gontrast to the restricted range for voiced

stop productions, the voiceless ‘stops showed great variability. there was a

vide range of values that -extended well into the ‘short lag 'region and well
beyond the (adult) long lag region. While there are no published adult data .
.ollected under. completely" comparable conditions (i.e.. fully conversational

'
‘!

speech);, it s probably that Tom's voiceless stops exhibited. greater

rariabiiity than aduit data would. This wide range of variability was not
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* due to individual lexical itenms: . iﬁamauaiwafaé sﬁonéd the 'gimé"rangé of <.

2 Tessa . | IR L Lo S

W

' on session'i when Tessa was 1;4.28; she was. using slightiy more b-"

. d~ and k- mitial words than words begmning with p-, t- or g- -(figures below ‘
are for thie.total number of differeft words and tokens produced on session
1). /b/ 8 words, 31 tokens, /p/ 3 words, 5 tokens, /d/ 3 words, 24 tokens-

_"spontaneogusly p\‘éoduced a large number of utterances (see Table 2),' would
~freely and correctly respond to questions designed to eliei,tfstop -inttial
~words (and would also imitate such words); and in general showed no evidence
of deliberate avoidance of - particular word- types, this slight asyometry.
.;’q"uickly disappeared The asymmetry that did exist at:the beginning was not

‘as- obvious- a factor in her acquisition of voicing as- was the lexical

asymmetry in Jane's data (see section 3 3)

.. Tessa produced lead voicing on /bp/ and /d/ on session 1: ~ /b/ tio
' tokens; /p/ one token; and /d/ five tokens. After this session, only /b/ was

‘pfaau'ééa with lead voicing (range -34/-5 ms); the number of /b/ tokens
produced with lead voicing varied from none (out. of 15 tokens, sessions 8 and

16), 1 (out of 15; on bothssessions 6 .and 7), 2 (out of 14, -session 11) to I

(out of 15; séssioi 3-4); Across all sessions and all stops; sixty percent

of all prevoiced tokens féll in the short lead region (-20/ 1‘4113), and nene
were greater than 34 1is. :

. ' Tessa acquired a voicing contrast first at the alveolar, then at
the labial and finally at the velar place of articulation; three stages

reflecting this order are described below. In general, Tessa's data (more
than Jane's) change over time moving from Category I through Category: III =A;

this progress toward adult values is a gradual one;’ covering about a four
month period. _ . > T

" 321 ‘sfagé 1 (15428 to 1,530

Stage 1 (sessions ‘1 and 3-4) in Tessa s data 'is one in which she
has a- contrast at the alveolar (Category II- A) but not at the labial or velar

8. Tessa also produced 10 tokens of doggie on this sessiun. However, since.
‘this word was produced with_an initial velar. stop, it has not been counted in
the tabulations .This was the only assimilated word in her initial stop word

corpus ' Throughout the study, she pr‘oduce‘d doggie with an initial velar

stop: .
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Session 1 3-4 6 a2 8 n. 16
. Age 1:4.28 | 135.18- | '137:6 1:7:13 1;7.27 139.2 2:0.10
: . 1:5.30 L
b/ mean | +4.33 +:07 +5:07 +8:53 | +11:207 | +17:88 | +12.93
N 15 . 15 15 1 15 15 1 - 15
_S.D. (13:18 13.71 12.10 | 10.70 | _11.63 22.16_ 11.15
range | £32/423 | -34/425 | -27/428 [ -22/+25 | O/+4 -177465 | +3/449
« 75/ mean -1.80 | +19.27 | #14.43 | 527,92 +36.93 || +84.93 +93:40
N 15 | T 12 14 15 15
5.0.7| /18.36 31.17 1} 9.47 _17.31 31.69  |N\36.14 | 47.78
range |. -3/+9 w/¥11 | /w0 +8/+60 | 0/+107 +32/+176 .| +19/+207
sigilevel| p=.015 I ) p=.009 o \44al b .001
Jdl mean | 32:40 +15.53 | +17:13 | +16.23 | #15.93°
ORI I 15 15 13, 15 1
§.D, 10.81 9.61 8.48 8138 8:96
~ange | -21/+14 - e |44 2 +2/+32 +57+11 $6/+32
1e7 sean | w2950 +38.02 | +98.33 | +88:93 | +100;20
Nt 8 13 115 15 . 15
$.D, 13.99 13.26 [ 45.86 f° 35.13 | 68,38
‘mange | #7/+43 L +197461 | +27/4193 | +387/+165 | +15/+257
stz level [ s=i001 p .ont 0..001 | »,.001 | p .001
/gl mern | +17.9n 7.0 | wasime | 3,31 | F30.13
LN 6 1 1 15 15 .
5. 0.3.63 28,59 “41.31 - 35.46. 21.42
‘mange | +11/+22 4374100 |° 41574150 | 4574126 | $9/+85
k] mean. | *19.33: +30.30 | +79:80 | +105:27- | +125:93
N 15 10 .15 15 ] 15
.0, | l2.4& H.32 .86 | 35,927 73,70
range | +3/%50° +17/457 | +3/+158| 674162 | +267+304
; eigslevel =015 om0 » .N01
: v
. ; N :‘%
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' pl'aces of artlculation (Category I). On session 1 (1;4.28), the mean VOT for
747 is significantly different fron thé mean for it/ (Table A4). Further

~evidence for a contrast comes from -the distributiop of lead and- long. lag\._
" tokens: the only prevoiced tokens are - for /47, and. tie ®nly tokens that -fall '
outside the short lag region are productions of /t/ (Figure 2. -

a\»‘a

o For the iabials on session - ‘1, ‘the mean -for 7p/ . is actuaiiy less
than the mean for /b/, and the ranges for both are -similar. On the -sessions
324, - the /p/ mean is longer than- that for /b/. Neither difference ~is
'51gn1f1cant (Table 4). . The difference” in mean VOT' between /b/ and /p/ “on.
sessions 3-4 is. ‘largely caused by ‘one production of pan, 7+111 ms. If we -
eliminate this token, the mean and range for /p/ becomes mich more similar to
: those . for /b/: /b7 .+4.56. @s. (range -34/+25.-ms); . /p7/ +10. 10 ns. (range +4/+£8

_ms) This production of p__n'_. is: the oniy one f0r this word m the Jcorpus '

i

[

+32 to +176 ms SN : : R

S

Pan is an exceptional utterance on this session in that no" other'

words are. producéd ‘with long:lag voicing until session 8 (Figure' 2). The
long lag VOT for pan may indicate that this word was a lexical exception ton -
session 3-4) to Tessa's general rule for producing /p/ as short 1ag n which

case ‘it might. 1nd1cate the beginning of a word-by-word spreid ‘of long ‘lag .
~voicing through . her - lexicon (cf. the lexical diffusion model) However;
throughout Tessa's corpus;- tokens for any particular word show the same range

of voT vaiues as the generai range of: VOT. vaiues for "the stop consonant as a-.

-whole: pants, for example, was produced as both.short lag’ (+20 ms) and_ long
lag (+67 -ms and +75 ms) on session 8 when: the range for p-words (06/+107 ms)"
covered the -short .to long lag region also. Since no other words WEre
produced consxstenti“y as' an exception to: the general patterns for a given
stage, we conclude then that’ the long’ lag production of ﬂﬁ was accidental or -

at least extra system1c

On s'éggiaﬁ l, ' there is fo contrast: between - the 'velar voiced-
voiceless stops: . the difference between- the mean for /g/ and tha:t for /k7 is

not significant (Taple 4); and all /g/ tokens and all but one 7k7 ‘token fall

within the short lag region (Figure 2). D

~

(&

3.22 Stage:2 (1;7.6 to,_ij 7.13)

) During stage 2 (sessions 6 and 7) ’l‘essa s data show eVidence for a
contrast between /b:p/ (Category 11- A) and /d t/ (Cat%gory 11-B), but not for,

a contrast between ‘the . velar stops ® The . mean VOT- values and the majority of
. SV

. .
N .

§ Tessa's data may have shown a significant difference between /b:p/ prior g

to géggiaﬁg 6 and 7; the tape for session 5 was accidentally destroyed. . On

GJ‘

2
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;boundaries for the adwlt voiced phoneme, as did.the means for 7d:t/ during
'stage 1. . The .dif€erence between the  mean VOT values' for 7d7 dnd 7t/s (session’
1} .is also signi icant"no‘te "that the mean for /t/ falis just outside: the.

'perceptuai boundaries for the adult voiced phoneme, (Table 4) .01 session 7y

'maJority of the tokens for both /p/ ah‘d /t/ fall outside the short 1ag

'2); in separate anaiyses, na correiation /was found between the length in. VOT”

of the stops and ‘whether the stop preceded a high vowel . or occurred in an-

,1m1tated p«roduction,iall tokens Were ‘of initial stops in stressed syiiabi«es. !

'voiceless stops at a11 ’three .places of articulation: the data for. 7b: p/ fall.’

< 1n; contrast, the difference *between the mean vor vaiues for /g/ dnd

/k7 is ot significant (Table. 4). -and ‘the. majority of tokens. for /g/ - (but nrot

for 7k/) fall for 'the first time outside the short :lag regibn (cf.« ‘the -

distribution of. veiar tokens on session 1, Figure 2);. 'j .

5o o

3 z’z'sfagé 3'—‘(1;7’;2’7‘50,_;;’9; 23" S T

L ’_—. . ¢ o -7

,tokens for /b/ and /p/ on both sessibns 6 and 7 faii within the perceptual' :

4./’\

i ‘gr‘“-','

> On session 8 (137, 27),. Tessa hars a contra‘ t between the voio'ed-

;in Category 11-B; those for 7d: t/ in Gategory ijI-A and those for /g K/ in

Eategory Ii-B (Table 4):'0-6n session ff; ‘all three places of articulation’

'show highly. significant differences also (Category I‘II A for \all ‘three

placés). -~ S - R T

N n ~ - - .-
! . i - . ..

: ; Howevef, Tessa S’ stops are not aduit—;-iik?s ‘The mean Ve'f waiges 5forw
/b/ (sessions 6; 7, 8 and 11};s for .77 (sessions 7. ;!nd 8) and for 4g/" (sessions;,
7 and 8 progressively increased2 usually as the . .pean: VOT values for t
voiqele s stops increased. As- & result,. Tessa 5. mean values for-.the *vVoice
stops dre more similar to-adult mean Yalues for these. stops. Sn séssi'on 1 th:i

1’"

X
y

on session 8. . Similarlf, Tessa's voiceless stops also ‘become - ‘less adulf '1ike PN

are considerabiy donger than the longest adult means, whereas previously th

over .time: /p/ -(session 1), 7t¢ (sessions* 8.and*11) and K7 . (session,ﬁc)

méans for these ‘stops  had been grad’ually abproaching the ‘shortest of - the
adult medns. “The lack' of correspondence between 'I‘essa's voicing system and.
that of adults is also shown by the following: .on session 8, .her meah far:/p/:

falls neariy within' the perceptual boundaries: for adult /b/ (8/15 tokens 230

ms), :and her /g/ mean' falls nearly within the adult /k/ perceptual boundaries
(5/14 ‘tokens 2 50 ms) S LT i L
|, N

sessions 3 and 4 the difference between the means«for '/b/ and /p/ was not

significant . > .« - SRR

- f 0 ' “ T w; .

o

3. . ‘ ‘
10. The data for “/g' k/ are*put in Category Ii’-B, not because the 1mean for -

!:he voiceiess stop faiis‘ nearly within the agdult voiced boundary\ (@s in ‘the
-ades of other I1-B data),, but,. because the mean for /s/ ‘falls nearly within

the adult /k/ boundary. e ‘ 7 o T
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ms) repgrted; for.” 7k ‘in, the speech‘ of

The mean for /k/ on' session 8. faI

L

R -

.Categorized as I11B.: Téssa’s 7k/ mean . on this session -and. Tom's /p/ mean on

.session 5 are the@n&y Cases: Whieh v‘ioiate the generai progression of data -

""throug,h Categories« IIB to IIIA in all other case€s. (i.e. Tessa s /p7. and /%7;

" Tom's "/t/ ‘and /k/ and. Jane's™ /p, t, k/),. the children S voiceIess stop means

:i-'than adult! means‘“(IIIA) Thus, in seve
natute - of IIB. followed by IIIA holds

out ‘6f nine cases, ‘the stage-wise

in the _remaining ' two -cases, &
tran51t1eo. stage accurs (chi‘onologicalily) between 1B and IHA ddta--a stage °

: m which the c’mfd's voiceiess §top mean is in fact aduit 1ike. G.e. a stage
. -tecrmicaily 'LIIB" 1n the: present descriptzv:e system). . The surprising near=

absence bf such ’tran51tion data will- be di‘scussed in Section 4. 0.

.

. v . T
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“Tessgals /p/ tokens graduaiiy move mto

1

stags 3{é4'§¢a96'4;(é;o.ioi

.Q
R .
. ‘s..:.., =

.’. .

the adult /p/ range (sessmn"} 1"

'through'\ll) and that her 7t/ and /k/ somewhat more quickly move into the'
appropriate adult ranges Fo \aII six consonants, the ranges of va1ues are.

-~
»

For Tessa as for ali the children,;the. final stage in the

devqlopinent 1s oné in.which adult-like productidons are‘achieved. For Tessa,

‘the VOT.mean "and range for all six stops (. €., . Category e A, session 11)

must be shortenedeback toward adult values.

N '

R

However on session 16 (2 0. 10) --the 1ast time she Wds recorded———

adu;its, and therefore should  be

’

s:-" within the range - (+76 te +85 -

. are 1n1t1a;}}y ishqr;er* than adult ‘means l#(xIB) arid then considerably longer

the mean VOT values for /ptk/ are tonger than: on session .11 (Table 4);. These -~

means, Wthh are: considerably longer than adult .means - would be, have

increased as:.the ranges of "toKens. have inoreased (Figure 2). In contrast,

the mean VOT valugs for /bdg/ have’ decreased,_‘jas-.’Compared with 'the respective -
means on session (Tablé 4), The mean for .

A1s Within the’ adult range of

mean VOT values (+5 f@is ‘to +17 ms):. The shortening of the. mean for /87 s

important: ' on session. 16, the. /g/ mean is well. within the. ,sadult perceptual

boundaries for 7g/ for ‘the first time since sessfon 1.

3;3Ldane

Tabulation of alI‘ Stop= initial words produced on each session shows

preponderance of b~ initial words (16 words, 130 tokens).- Words - beginning

.o

T

e



,voicing tead on yd/ at sesstons

( -97'-: ' -

-3with p- and g- were comparatively uncommon. during the same time: period she‘
used only ‘three p-initial words (16 tokens) and only three’ g-initiai wards: (3;

,,,,,,,,,,, ARG T R S

- tokens), k-initial words: wete:fmore common (6 words .and 23 tokens).. On-

,session 8 when she Was 13 9.15, she was using roughly equal numbers of a1l

stop - words exqept for g-initiai words; at this pdint sme still oniy used’

‘three such words: * By the next session (when she was 1; 10 7), ske was using
-at least‘eight words of each type.

E" . .
In contrast to the lexical & symmetry at the labidl and velar places

of articuiation, the number and freQuency of d- and t-initiai words were

roughly ‘equal over time: Although at:the beginning, d- and t-initial words

were few: in number (four words of each type) (and  d-initial words were

produced slightly more often);’ Fron sessions 1 through 7; she produced these

T R s —

words frequently: five d-initial words (33 tokens) and uine t-initial words -

(24 t"i(é'n'S) ' “ , S - )

The above pattern of vocabulary acquisition correlated in anﬂ*?i

interesting way with Jane's acquisition of the voicing contrast. She“first

‘had a contrast of . .voicing at; the alveolar place of articulation, and the -

number and frequency of d- and ‘t-initial words were approximately equal from
the beginning  She acquired the contrast ‘between ./b/ ant/p/ on session 8--a

development. which was accompanied - by a' large increase in the number and

frequency of p-initial words; prior to session 8; 't the- number and frequency of -

b~initia1 words was significantly ‘greater than that for p-initial words, and
the VOT values for 7p/ nearly all fell in the adult /b/ range as did the “VOT -
‘values for /b/.” On session- 9; -when the number .and frequency of g- fnittal

words increased substantiaiiy, the difference between the mean VOT of /g/ and“"

7k/ is significant for the first time, prior 'td this point {(from sessions 1

to'8); Jane used three g initial words (only 6 tokens) and seven k initial

8 discussed below where all /g/ token; dre moved to the long lag region at

the saiie" time that /ptk/ shift)

5
. B

R it e e — e

lead. rﬁiaugﬁanf the: sfuay, 9% to 40% of aii /b/ tokens were produced with
voicing lead. From sessions 1 ‘through 8, a similar proportion of :/p/ tokens

was produced with voicing lead (14% to 294), but the range for . lead was

conside vbiy narrower (-35 to -6 msk than the range of lead for.. /b7 (-139 to -

-2 ms). ( Jane stopped producing /p/ with voicing lead after session 8, the

session on. which the- /bip/ cofftrast was acquired. . She began produciﬁg
4 and 5 and on /g/ on session 11; 7t/ and /k/

‘were. never produced* with voicing lead: - The consistency with which she

produced voicing .dead on /bdg/ (once it first appeéared), the use of long lead .

(1n" addition to. short lead) and. the developmental spread of voicing lead to
7d7 and possibiy to /g/ suggest that Jane may be one of the set of English

speakers. that produce ‘at least some proportion of the voiced stops with )

voicing lead
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RS previously mentioned Jane '(iike Tessa) acquired the voic1ng;-",
-contrast first-at-the alveolar, then at ‘the labiai and finally at the velar -

place ofuarticulation, this deveiopmentai order ; Wiik be described as three -

’

‘:-stages in ‘the- followmg discussuon of "her-data. - Unlike Tessa however, only;'_' .
one. set- of ‘data (/d t/; - stage: 1. fit ~Category 11-4; - and none’jfit “into

’-»Category IT-B: . In. contrast to - the graﬁuai progression of -voiceless stop’;y
tdkens into the. long lag region seen in ‘Tessa S data, the safe. transition in
Jane's data- appears, to be much- .nore: abrupt however, this 'abruptnqss' may. be;v N

_,partiai'iy dué fo ysampiing inter\&ai B T TUN AT o

P T ‘ o ..

L - o . RN 0 p - el o
: v e s . Nl e - . . . . C -

T stééé 1;1.(1;3; 1592 o 1;'8:2’20 e

- The’ first stage in Jﬂne s data is one in which her productions Show 3
some evxdence for a conttast-at the alveolar but not at the’ labial or veiar. _
places of; articulation On sessions 1-3; 4-5°and 6-7, the' mean for 7t/ 1s."
always at least 8 ms:. longer than the mean for /d/ (Table 5). On sessidns 1.§3'..
and 6-7;  the dlstributron of tokens. for 7t/ {5 -different from that for /d'7 :

In the data froﬁr combined séssions 1-7, the differencé between the: means 1s"_
'.significant (Table. S), in -addition :to -the one-tailed - t- test,,a two-‘way
analysxs of . variange ‘was dgne which was also significant ¢xp=.018).: Note -~

i

‘that the mean for ft/ -falis aimost within the adult perceptuai boundaries for "
‘the voiced: phoneme (Table. 5), and that most “tokens of /t/ fall within the -
“adult perceptual ‘boundaries for 7d7 (Figure 3). ' In separate analyses, we
_examined the VOT for -all tokens' in telationship to vowel height, stress and

‘the variable spontanéous initatéd; no correlation. was found: However, a few
productions of two Words were unusual o .

“ . . R : D

- loon session 1 (1 6. 19),_'_ there were three /t/ tokens that 'w'eré'.'_-"'”
-prod‘uced ‘with Iong lag: toy +86.ms, +118 ms; and teddy +68 ms,}theéé;tokens;:

‘are unusual “in’ that fno other 7t/ .tokens (nor:'any 7d/:tokens) were produced‘
with long lag ‘until session 8, at mgich point all 7t/ tokens (and no - 74/
tokens)’ were produced with io'ng tag. 'The two productions of toy and the one

'of teddy could be interpreted as evidence that Jane _was correctly using long
lag on-at least these two words (cf.l the lexical "diffusion model). This
explanation seems unliketly for ‘the foiiowing reasons: ~.1oy was. produeed three

times on ther same session with short to moderately long lag voicing’ (+8 ms,’
+11 ms ‘and 39 ms) and oneé production. for a voiced stop /b/) was produced
with long lag (session 4-5); In addition; the ranges for bpth /d/ and. /t/
includedfa substantial proportion.of tokens in the moderately long lag region
also: 35% of.the sd/ tokens fall between +21 and +48 ms, and 46% of the ./t/
tokq/s fall between +21 and +45 ms. (séssions 1-7). ‘As in the case of pan in

Tessa's corpus; "we conclude "that the production of . these iong lag stops

.

kapproximately 3 months prior to the long lag stage dogs not indicate a -
significant lexical parameter at. the phonetic 1eve1 of VOT. ‘
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VOT values, numbes of, tokena, atsnda=d devi: .
- n» aach «ton, hy ceeeion,
- Session~ | 1-3 4-3 6-7 1-7 B2 9 11 16 -
Lage | 1:6.19= | 137,125 | 1:8.90: | 1:6.19- [1:0015 - 1107 1110 [2:1016
T lei20 [ 107,76 |1:8.%6 {1:8.% | - : S
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[ — -
bt maen | #3.73 | #7100 | Foan | 4101 | 667 .nen [ -njor
CON 15 | 15 15 45 15 . 15 (11 .
§.p. | 6.5t | 27091 | 18:54 221 |oa3i0s | .62 | 37.81 _
range | -81/+% | -81/+39 | -45/+39 | 817439 |-139/443 | -46/+38 | -11n7436
14l mewn | =029 - +5.57 | +2:66 |+9n.50 +128.87 | +71.39
N EE B S 1 | L B TR 15 13
sn | 130020 13,00 | 26,29 | 87.55. 60,45 | 26,91 -7
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oig;level| -, pe.002 |0 5 001 o .d01
N - T ,/J — = :
L 7af diemn | +2:70 | +12.82 [ +14.25 |.+17.31 | +15.80 +7.67 | +17.20
I BT I RS 8 29 15 15 15 __ -
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. vange | +10/4468 | -13/430 | +1/+48 -13/448, | -135/+60 ~557425 | ¥6/*3%
Vel memn | 7.13 | #20.83 | #22.30 |43 [+151.38 +122:13 | +109:23
N. | -8 __:} 6 - |10 __ W 8 15 13
.§.0.| 39.77 5.64 13.50 26,63 | 73.16 56,59 | _68.76_
‘range. +8/+118 - +14/+28 | +B/H5 | +B8/+118", +100/+270] Ht/+197 | +13/+178 }
aig.level| - | eeints | opam ~ | o .01
o I o e o o
- /gl memi| +29.70 - +38.00° ] +35.70 +131;67 }+422.0n8 +16.47 +54,14
S O n R 3 L3 | 15 16
R - o161 | _5.29 | 59.18" | 9.85 23,52 | 59,97 -
cange | +29 - 4377439 | +29/439 | +68/+185 |+7/+45 -697/456 | +3/+195
Tkl mean|+53.00 | 451.36 | #i.25° | #6.00 | Fi77.62 |F146.77 |F1%.27 |F128.82 -
N 1 9 . 12 . | 22 - 12 . fo13 15 . 13
s - 2946 | -33.89 | 3.8 | 69.62 49;78 21:29 | 4687
-onge | +53 +16/2110| +6/+13% | #6/%13% | +85/+285 |+52/+574 | +887+166 | +35/+190
sig. leval 5 .00l 5 .N01 o NNT |
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: At stage i (sessions i?), there is fio evidence for a contrast
. between the labial or velar" ‘phoneme pairs'- ¢)) the meahs for both /b/ and
. /p/ on sessions-1-3, 6-7 and 1-7 fall between 0 and +10.ms (well within the

short lag region); the combined 1-7. sessions show that ./b/ ‘and /p/ are nearly

- identical (cf. the means and standard dev1ations, Table 5); and both /b/. and
/p7 tokens show nearly: the same incidence of prevoicing (Figure 3);. (2) the
means ‘for -both 787 -and 7k/ fall within the range of 0 to +52 ms (Table S)

and the three /g/ ‘tokens fall within.the range for /k/ tokens (+6 to +134 ms, .
) Figure 3) , .

5.32 Stage 2 (158,19

Stage 2 (session 8) s marked by the acquisition of: a- contragt

':j-;"bétwee" /b:p/; &’ highiy significant ‘difference- .between /d/ and /t/, - the

T —

production of /ptk/ as’ consistentiy long lag stops, ‘and additional evidence

shift of /ptk/ to the long lag region occurs very. abruptly.f However, session
8. was conducted three weeks after session 7 {(due to the .child's- illnéss"§ - We.

assume then that sampling interval is. at least partiaiiy responsible for the

'_.,a;af;éafaﬁéé of sudden change. (cf. Tessa' 's session 7 and 8 data ‘which were

; 'change) 2

-

: Bétiééén session 7 and 8, Jane began producing .at least some" /p/
tokens with long _lag . voicing In the production of p= -initial. words for

-;session 8. (1 9.15); we . find: that the ‘only short. lag values: occur in

-productions of "old words" (i.e: - -those words which _had, been in

er:
productive vocabulary since 1;6.19): These words are pop +37 (once also +289fj
‘ms), pig -6 ms, ¥9 ms, #18 ms (once. #137 ms). and pum Bpkin -7 ms. All. other p-

-initial words produced on this session ‘weré "new" (i.e., produced for the

first time) and all were produced with long. lag voicing (+84/+173 ms). This
distribution of short lag tokens by worg type. (i.e. in old words only) could
be interpreted as evidence for the gradual spréad of: long iag through the

lexicon: . However, each of the new.words was produced. only onoe, w1th more

.tokens, these words may also have shown variability.

L4

the Vo _"values for 7t/ and. /k/ also move well -
7777777777777 means for. ;all voiceiess stops are '

considerably 1longer °than a:;lt means (Category .III-A).  ~The. difference

; ' By this same, session,

into the long 1lag- region, ahd th

between ' the means for /t7 anfl 7d/ is significant, and the ranges arte ‘non-".
'overiapping “In: contrast; .

In ¢ t; the differénce ‘between the means for 7/k/ and /g/ .
'is.not ‘significant; as Jane moved /k/. into the long lag region, she similarly
shifted 787.: The tWwo words effected are: . &if_L which had been produced with:

a VOT of +29 ms on session 2 ‘was’ produeed as +68 ms on session 8; goat which .

‘had’ been produced as +39°ms on session ‘7 was produced as +142 ms and,+185 ms
on session 8; &9_&_§ (+37 ms on session 7) did not occur in the corpus for

Ny

session 8.

",
. 7 "
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i On session 9, Jane s productions for /g/ and /k/ show a significant

'j'clifference (Category III =B), 'and the. ranges .do not overlap This was

.accomplished by a shift of /g/ back into the short lag region. ! Whether this

“'deveiopment constitutes perceptual ‘learning, an advance in~ production or. a

’ reorganization at the’ phonological’ level cannot - be known. -~ To posit

_phonological organization as the source, one would need to assume a priori
¢and in the absence of evidence):-that Jane perceived the phonoiogicai and .

‘phonétic contrast between /g/ ‘and /k/ in the adult language and, secondly,
‘that a general phonological constraint on the complexity of her own System

. allowéd only a two-way voicing contrast (/b:p/ and 7d:t/). The context-free

. phonological rules needed would be: Stage i, /g/-»[g] and /k/-[g]; Stage 2,
787-1kl, /k/-1k]l; and Stage, 3, /g/-»(g), /k/-+(x] ‘(where, in all three stages,
_-[2] 1s voiCeless, unasp1rated ‘and [k'] is voiceless; . aspirated) ‘The

.'_'chiid's perception is not a factor);" ancl we know ,0f no cases in. the

literature Wwhere a child ‘has a contrast, produces oneé fember of the pair_

carrectly (/g/, Stage 1) and ‘then loses the correct production (Stage 2), -

‘except in those cases where a context-sensitive rule has been added to . the

:grammar., We conclude then that it seems likely that the change in /g: I</ at_.

_if the expianation were articuiatorv in n&ture, it would be difficult to',
explaln why she 1nitiall%7 moved 78/ from the short lag -to the long lag region -

- (session 8).

N

E vocabuiary acquisition. discussed at. the - heginning of this section -;;;;'

session  8; when Jane shows theé first evidence of having acquired /brp/,  the
number of p- =initial words. in her productive vocabulary increased from three

to eight. - Three weeks later, on session §; when she shows the first evidence

of having acquired /g:k/, tne number of g-initial words also increased from
three ‘to . eight. . In contrast, the number and frequency of d=initial words

were similar to the number and frequency of~ t-initial words - throughoutm

sessions 1 to 7 (where the difference ‘between the means, when sessions "are

collapsed, is significant), and both d- and t-initial words occurred more

frequently. in the corpus than either p= or ‘8- “initial words. | It*should also:

be noted that not only the totaf number of individual p~ and-g-initial words

increased on session 8 and 9 respectively, but the number of tokens for both

'/p/ and - /g/ simil‘arly increased. At least two explanations are possible",_
either ‘Jane did not acquire the contrasts betweeﬁ /bip/ ‘and 781 k/ until'
sessmn 8 and 9 because she’ did not 'know' sufficient p- and g initial words_

11. As in the shift of /ptk/ in to the long lag region, this shift of /g/

into the short 1ag region appears to. be abrupt. ' However, - session 9 was

conducted three weeks after session 8 -(again. because of . the ' child'
illnesses), and we assume that the apparent 'sudden changel is largely due to

,sampling interval . - . . .



' to recognize. the contrast_, ot ived .
78ik/- sufficiently well. iavoid' p--and: g -initial" words, because she "knew

she could fiot pronounce these -sounds - (cf., tife phonologically motivated

'avoi’dance strategies imr Ferguson and Farwell 1975) At least in the case of

: /g.k/, the former explanation seems most. likely. ‘

,_AG L 1 .
. . o

,‘3;35 ’sfagé'zi::a;ii;.a éag 2';1.4 1’6) - o .

Stage 4 (sessions 11 and ‘16) which had not been completed by the

end of our study; involves the mastery of adut t- like voT values for each”

'stop. . Jane was making progress toward this 'goal by shortening the VOT values
of /ptk/ and /bd/. (Category III<A). ‘In contrdst; the mean for /87 -.
unexpectedly increased such that' it once - again fell within the ‘adult

perceptual boundaries for /k/. .The-long mean for 7g/ (+54.14 ms)’ is caused

by: three values:  goose +164 ms, and ga_zg_bggg #116' s and +#195 ms. All other -
values are <46 ms.. On the same session goose was. alsos produced as +27 nms; on

the previous session-analyzed (session i, goos was produced as +13 ms and .
gﬂg_e_ as +6 ms. Thus, this change in the ‘mean for /8/ (on session 16) was.
‘not ~caused- by the- tdiosyncratic hehavior of & newly acquired word but 1is

‘rather further evidence of the variability with which individual Wordgwere
produced. SR S , . ' Iz

_ R l'._‘ - -l . . . o . o _ <
BAday no o e T S
. B L L - e . : . . . " ) . ' - '; ) . //'

Between the ages . of 17 ‘and’ 2 4 - Jdy~ -did not. acquire a voicing

idistinctioﬁ in- initial position that was discernible to the adult ear.
Almost all initial stops ‘were transcribed as voiceless and unaspirated“ there
were: very few errors of place and these werfeﬁusually attributable "to:

assimilation. At the ‘beginning of recording, there was a marked Iexical
vasynmetry in his data such that words beginning with b-— d- and k-

tokens. produced.on - sessions 1-3)s /b/ 13 words, 44 tokens; /p/ 3 words, 8°

tokens; /d/ 6 words, 20 tokens; 7t/ 2 words, 5 tokens; /g/ 3 words, 4 tokens;
/k/ 8 words, 29 .tokens. By session 9, __the distribution was fa_iriy even; - -

N Jay s data were analyzed in six anchor points. ’i‘hese results are’

had -basically the same characteristics._ Since there wds no. apparent change

over tme, the data for each stop ‘consonant across all sessions were,

short iag range. L:aicing short lag to ‘be e 1o +20 ms for' labiais and'

alveolars and 0 to
the short lag range.
:_f_.ell__wi_.,thin the range

ree places of articulation, 94, 8% .0f tokens

e Vo

R . R . . . . X e . P . R - N R
. - . ' Lo . R »

s_for welars, then 89. 4% .of all .tokens fell within™-

'il to +40 ms. . Df the remaining tokens, 1.9% had VE_)TI_’,.

<

/‘

given 'in Table 6 and Figure. 4. Throughout the study the VOT ‘distributions: -

+
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N B S B v ] -
14/ meam 47,47 #0.20 | l8s. | ani20 | 2.7
SN 15 15 .0 b .13, 15-- [ 88 . o
S.D.: _3.50 _8.99 1| 42,07 " 36.46 | 2320 ’
: range 0/+14 0/+25 -1047+19| =1087+13| =108/+25 .
SV DA s
[t/ mesn +16.60 +16.47 +9.93% | . #0:137 7| +11.03
'V 15 15 : _14 o _‘157‘:77 e 88
5.p: . 8.70 31,90 |.: 7,13 | "29.63 [ 21,21 |-
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values greater than +40 ms and 3,38, were produced with voicing lead. ﬁhiie-
most -of the tokeis in the range >20 ms occurred in productions for an adult

voiceless: phoneme; some were for ‘an adult. voiced phoneme,_simiiarlx, while
. most of ‘the tokens produced with voicing ledd:fccurred in words which - began
: with an aduit voiced phoneme, some were for the adult voiceiess phoneme. The

A e o

‘n

,'. . . ','". s .—‘4
. \ _«'.- N

SR , Although Jay did not seem to acquirefa voicing distinction, there
3 were . :somg; .anchor. points on:which-the differences between the mean VOT.values
corresponding ‘to adult voiced -voiceless stops: were significant. " As Figure 4 -

' ‘shows,  the significance on these’ sessions could not be attriputed to outlying .
_VOT valués. ' The data can best be discussed by looking at the three places of

articuiation separately 7

i:A:Bi'AI:S. There was neyer a significant difference betwee the mean .

-VOT va,lues for 7bp/s “In four of . the six anchor points, the dszerence was.
in the exgected direction (i.e. the mean for /p/ is greater than «the .iean for
/b/), but in: the remaining. two -anchor points, the difference .Was in_the
opposite"direction. In the data. from the combined sessions 1= iy, thé mean

" for /b/ /was. not *significantly different from the mean for /p/ (Table 6).
, Since Jay s labial data show To ev1dence for a contrast, they fit into
Gategory 41:. There were nine exampies of voicing ‘lead (six for /b7y three for

/pl- Fi ure 4), and nine examples of continuous voicing (all but one in /b/'

towards the end of . the study

. / S Ai:VEOi:ARS. on ail the anchor points, the’ mean for /t/ was longer"
than the mean -for’ /d/, thj"difference between the means was. significant on

“two occasions (sessipns 1-6-)and'sessions 7- 8 Category II1-A). Furthermore,

.when sessions 1-19 were combined; there was a significant. difference between

the méan VOT values - (Table 6); . in addition 1o the one-tailed t-test, a two—"
. way: analysis of variance was carried out and was . also significant (*p-.Uil) '
There were eight examplés of voicing lead: - 2 tokens of /d/ ons€ssion 18 3

/a7 tokens on, session 19; 1 /t/ token ofi session’ 16; .and 2 /t/ tokens on

session 19" (Figure 4).. There were also; thirteen: examples of continuous.
voicing. i /47 token on session 18, and 12 /d/ tokens on session 19 ‘ L

VBLARS As with the aIveolars, the relationship between ,t,he means'j

for ‘the voiced and voicele stops was such ‘that the: mean Ve'f vaiue for the
voiceless ‘stop was always. ger than the -mean for the: Voiced stop, except on
session 19 where the two means “were neariy identical; The difference between
‘the means wis significant on two anchor points (sessions 1-6 and session 18),
For the coibined sessions ‘1719, both ‘the oné-tailed t-test (Table.6) and a

two-way anaiysis of variance (*p-. 021) showed the ‘difference’ between the /g/ B
and 7/k/: ‘mean VOT - values i'to be significant (Category II A) There were two‘ g

examples of voicing lead




s07= -t o

session 18. There were five instances of continuous voicing.f 1 /g/ token
and 4. 7k7 tokens, all on. session 19.» - . _ , a ‘

¢ ..

For both aiveolars and veiars then, overall there was a significant }

vdifference between the means for the voiced and voiceless _stops; nevertheless

‘éiperimenter bias- could ‘have influencecf the measurement of ~voiced and

there was a high degree of overlap between the ranges, and most tokens of

both voiced and voiceless stops fell within the short lag regions.  Before

concluding that Jay was attempting to produce a- voicing distinction between
/di t/. and /8:k/ but was unable to reproduce an adult—like contrast, we

results.A ‘We looked at the possibie ‘effect of vowel height, stress,
individual lexical items, .and mode. of eli_citation. None of these Variables-

appeared to show significant differences.

P

'w.e_‘ also considered the-possibility that some systematic

voiceless tokens. However, this seemed unlikely for two.reasons. First, g

. whén we began the study.we did not expect the chlildren to have a voicing
_contrast in their ‘speech and we especiaiiy did not expect to.find consistent

differences in .VOT values for short lag -productions of the voiced and
voiteless stops; - however, the differences found in alveolars and in veiers

were present from the beginning. The second reason why experimenter bias is

an unlikely .explanatioh .is that there was never a significant dif/ference
between the labial voiced and voiceless stqps, it is rather implaus,ible that

such a bias. would affect places of articulation differenti&lly."" o

.We therefore- éo’nciu"dé;. (i) that Jay was attempting to produce a

difference between ‘the voiced.,and voiceless phonemes at at least two places -
of articulation (Category 11= A), (2) ‘that the contrast he was maintaining
fell within the adult voiced phoneme boundaries and thus” would not be

perceptible to adult speakers;. and (3) that without instrumental analysis of

a large number of utterances, no evidence could have been found to indicate'
F'that he had a. phonological voicing contras‘t_ at these two places of
articulation..; ' ' L ' T

v

Hnlike the other children who as early as 15 or' 17 began to-

produce some adult-like voiceless ‘stops, Jay had not ‘acquired an adult-l ike

voicing contrast by the end of the study, ~when he was 2; 4.-2: Thus, he will be
at least 11 months older than our- youngest child when- ke begins producing

long ‘lag: voicing for 7/ptk/: In other -aspects of lang&age developmen'o Jay was

comparable to the other children. in the total ‘number of different word he

. ° <

12;' To investigate “this further, ve will be - submitting -,,-fa set of
pectrograms (with gloss unma.rked) to a: third observer for independent
measurements. e o R : . «

-

t . -



to each other on. général language development we roughly computod MLU (mean‘
length of utterance); fol‘lowmg Brown 1973,13 o o hgs :

All four ch11dren had ‘& MLU of 10 on their respective first
sessions; for Tessa this rose above 1 6 on her third" session (age 1;5.18);
for ‘Jane on her second 'session ({;6. 22'), for .Tom on- his. fourth session -
(1; 7.21), and for Jay on his fifthisession (1;9.4). Tom therefore had an- MLU

- of 1.0 when he. had & hlghly significant voicing distinction at all three‘ )

places of articulation (Session 1).. Tessa had an.MLU of about 1.93 when she
had these distinctions (session 8), and Jane had an MLU of about 1. 57 when

' 'she had these distinctions (seéssion 9). ©On his last fuii session, Jay:had an

"Mi;H of 2.23: it seems then that his - general language development (as
measured by MLU) at the end of the study was ahead of the general language,

'roughly adyul't- like voicing contrasts. A o _ ,
: ] . ; ) -

) Clearly, it is not - the case that MLU correlates directly with the‘:_
‘acquisition of voicing: the data from: Tom, Tessa and Jane show that MLYU’ may.

vary from 1.0 to 1.93 ‘at the tine at which & fairly adult-like voicing

contrast is produced at all three piaces of articulation (cf.. Bond and Wilson

1977, However, -we -present- MLU ‘data to - show that ‘Jay was progressing -
normally with respect to general langauge development° it is also true that
in .other. phonological -aspects he .was progressing normally (e.g. he used at

least one ‘fricative (in medial and, final" positions), a- ‘postvocalic 7
~several final position consonants clusters, . and many poly’s}"llah'ic words)::

“Since the age range reported in the . literature for the acquisition of the,

voicing contrast (1j4 to 2;8) ‘is also quite large, we concludg that it is" .
possible that Jay is w1thin the; range of individual differences which can be

considered normal for the acquisition of voicing in English 1
<o . - e . - . C A

;. . - . il :
. E. - L ’ v

4.0 Discussion ..

5.
.

Sl

In this section, the data will be reviewed in order 4t67,éhafaétéfi_'2vé‘;
13. Note, howsver, that our -experimental procedures, which encouraged oné .
‘,word utterances, will tend to give lower MLU. - -7; 4 e,

J

,,,1,‘3', We visited Jay . in Boston in ectoBer i977; when he .was 2, 6.19 . At that
time, he was producing all voiceless stops wiﬁh Strong aspiration, Although
We ‘may reasonably assume -that the. VOT characteristics of his productions were’

not identicat to those for adult,s (e probably longer VOT values than. would
be found in adult Speech), he clearly ‘had acquired an acceptably adult=1ike
voicing contrast at ail three places of. articulation by 2;6.19--i.e. at least
one month eariier than the . .oldest child. reported im the literature. ' This
confirms our earlier hypothesis that he was within the\\hormal range. B ‘

s . Iy
S ! . °
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‘the’ génEfai "st‘ages f@fi)ﬁ 7a7nd 10" provide a brieg summary of other ma;ior-'.
findings . %" In addition; the data wiih be examined for evidence which

'shéd-,lvightf 'o'" the nature of the skills being‘; acquired (4. 2) and the process_;

To facilitate comparison of the four subjects, s?f)ﬁe data fro'ni'

. top'are"i;also included “Ih the figure, To avoid unnecessarily'
v.com cating .the: figure, ornly ‘ohie meen 'VOT -value for each adult stop. is -

given,%these mé‘an VOT values are from Lisker. and Abramson 1964 (but note that
the" Lisker and. A’oramson eans for “the voiced phonemes exclude negative VOT
values;  whereas: the ‘medng;’given - for. the" children,. in somé cases, include,
-~nega.tive values) For eaeﬁ chiid, the: voT means are presented separately by

place and in.left- to~right order for- labial, ‘alveolar, and velar stop’.pairs:’
.I}en‘“‘éath each set of means are the session(s) from which the means coire and -
the. category inf which they faii.v T ‘this section; the discussion will refer

to data presented in Fig-org 5 uniess otherwise noted. AT L

gf

4 1 Stages to the acquisition oﬁ?‘voicing as seen in these data '

t‘rg DT R

R In generai. the pa‘tternfwhich enérges from the data 1s one, in which .
there are. three stages to. the acquisition of voicing: (i) the chiid has . no-‘._
contrast (Category D (II) the. child has a&cqntrast but one which fa.us_ )

‘within" or #nearly" within .the perceptual-- be

(Categories 11-A and I1-B); (II1) the'child: h&s a;—oem:ras h resen
.the adult contrast (Categories III A and III B) QL e e e ‘

STAGE I.r In . stage 1, the child produces predominately 'short *Iag
’stops (cf. also Kewiey Port and Preston 1974): Short voicing lead; will® be-

‘produced. occasionally for either adult voiced or voiceless phonemes.

_§1niiariy, ‘long™ ‘lag voicing Af produced at a11 appears in productions of

;,either aduit voiced or voiceless stops. I R

(
l

”i’

STAGE II In stag’e" 'III, the child 1s still producing fost stops""";

IR

with short lag: voicing, however, for the first time, the nean. vor for -the

-adult voiceless "stop . is’ consistently 1onger across .severdl poines in time_ﬂ‘j-‘;:
‘than -the. mean’ VoI for the. 'adult voiced stop.~ Depending on the child, the ™

resulting difference ‘between ‘the means: is either consistently signiftcant’ :

<(Tessa) or significant on. some sessions but. not on-others (Jane and Jay).
Children- also differ in how they change the- voiceless. stops during this -

Stage:~ ‘Tessa - gradnally Iengthéned the VOT of .. her. yoiceless stops (dnd

r,thereby increased the contrest between the voiced and VOiceless stops), whiie

N
rr;‘r- .
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‘Jane and Jay did not: - During this stage, the child typic&lly produces short
"voicing lead and continuous voicing:on. adult voiced stops only, and may begin
to produee some - aduit voiéei'ess stops with (moderateiy) long lag voicing.

s

. The stage ll(A) data are’ interesting in that the -contrast that the

child is maintai ing was not. noted by: the. ‘transcribers .and is presumably. not

pércéptihle to adults in general; Bean dand’ Huntington 197’6 ‘report & similar
‘case: -'when ‘the phonemically Voiceless Stop productions of. esophagal speaker
- . were _examined spectrographically, a statift'icaily siénificant number were
'distinct (in- the -appropriate . VOT -directivn)  from  théir productions . of
'phonemically voiced stops'— listeners, however,. pred.ominantly labelled ali
"--product-ions s 'voiced' -“1n five separate dialect studies, i;abov et al.: 19%2
found that speakers, ag for exampie in Tiiiingham (Essex) ;- consistently ‘made
. small differences in thHeir.own: speech which served to:maintain the identity
“"of wWord: classes, -but that these Same". speakers -could” ‘not -labél -these

differences oni conscious reflection : (in minimal pairs and in" commutation

tests); either in their own speech or in ‘the- speech of others from the Samel

dialect aréi. ‘These -guthors conclude’that- "intuitive judgments of 'same’ :
'different! dare not necessarily a. reliable base on. which to build a: theory o«i’\

vphonological development" (Labov et al. 1972;7% 254); - - The ;”phonological

'_i'_::;‘ gvelopment’ referred to here is historical change, but the comment ‘equally
pplies, particularly ‘in the present: context, to phonological . change in-

-children. The results ‘of the presen .study clearly show that, in at least
/SOME._ cases; _t;hefjudgments of ‘adults; may-not capture significant facts about

“the’ child's,:s:ystem and .that spectrographic analysis .can. provide insight in'
precusely those areas where adult perception fails.r-_ L e e

e S T

STAGE Ill. At the beginhihg of stage lll the chilﬁ is producing"

-it' voiceless stops mth extremely long lag voicing: the: mean VOT values

. for the voiceless stops are considerably lofigér thap¥adult means would be.
_Moslin 1976 . (rep'orti'ng on-"two children approxihatel)' 1;4)- and” Gilbert. 1977
v (reporting on data’ from Vsix children .ages 2;7 to:. 3; 3) also found ‘that

.children's voigeless: StOp means are\longer than -adult meahs walild be., Zlatin_:
;,‘and Koenigsknecht 1976 report that £two-year- olds (ages 26 to 3;0) and six-"
year=clds (ages:6;1 to 6; ii) produce shorter mean Ve'f Values for v01celess '

,stops than do adults.-

In general,‘as the means for’ the v01celess stops 'change, the means

'for the- voiced stops also’ chahge -in the Same - direction, ‘thus frequently

"becoming less like adult voiced stop means than An; eariier stages; this.

~ tandenm rélatioﬁship holds true -for most changes in" stage ¥ also.. Thus,’ the
'children appear to be in some sense. exploring phonetic space,o possibly

_controi their productions. Mosiin and Nigro 1976 report that for /t/ in the =
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values (for' 7t " "1n the s‘peech of adul t- to-adult. Thus, our subjects ma be

.attémpting to match- ‘the longer VOT velues that - occur “ifi ‘the -input they. he&’r

" Since, ‘however; Moslin and’ Nigro also report shorter VOT's- for /d/ in’ adstrlt-
to<child as . compared. to. adult=to-adult discaurse, we: would. need some other :
explanation (e g. “exploring :phonetic- space) - to explain why our SUb,;LeCtS"i

increase the VOT values for the adu’lt voiced phonemes.

» R .
c S . . e~

In. this stage, the child's voiceless stop distributions are Wide_‘
and flat,“with extreme values:at times exceeding +250 ms. -The -YOT values for .
tne voiced stops generally cliuster: in.the short: lag région, with a féw values:-3

- — e, RS S G T PRSEERLRNES S

in both the short and the: long lead. regions‘f -and the range generallyg over-laps
with tge range of VOT values for the correspbnding voiceless stop.< :

Loy
T

Litér in’ stage 111, .the- child begrms 1o . shorten the VOT for both:_'

the . v01ced and voiceless stops back toward thé adult valnes. extreme values_

.are produced ‘less’ ‘often..
overlépping ranges; - although the partial ~c

evidence for the improved discreteness. of - the‘voicing c,' egories. everall,

/ which® in :tufn. are -
producing all’, three'

'

‘the labial stops are shorter than the. alveolar stops,

shorter .than the velar stops._ only one child (Tom) w;“

_ ‘stop pairs in a fairly adult like manner.

(Y

: The t '&nsition between stagess‘is in general a gradual one' ' over a'
two to fourj honth period (1,7 to 1 9 Tom, 1 5 to 1 9, Tessa, and 1,7 to 1, 10' :

. ; ; weve "the” transition from' stage II to stage BELR occvr54
fairly’abrup'tly. “the- month and a half fnterval: between sessions 3 and_ 5
shows; more change -inm Tom's data ‘than any Subsequent similar‘"period and
smilarly for. the three week :interval " between Jane's sessions 7 -and~ '8
compared to any preceding or _’ubse“quent three” week - mterval (Figure 5y
1scﬁnt'i‘nuity between stages II and IIL: mostf~

e’en séssions 1 and v7"w*tn.,,mean For /t/f

clearly _ :
increased 18 s, while]"
ll’l respectivel)&) ‘the

1

r‘éflect the development of a- single homogeneous skill orrthe interaction of.

two (or more) phonetic skillg. “In:the first case, the child may be viewed as:
~achieving - a contrast: by progressively. lengthening the VOT. of the :voiceless .-
stops, in the second view, the child would be achieying a- contrast by first -

s s
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The case for skill interaction is strengthened by the foiiowing. K%or the

‘most part (i.es . in: seveniout of. nine cases), there is no transition stage
(i.e. between stages I1B and IT1A) in which the “mean VOT. valyes. for the

voiceless. .Stops fall within the range, for adult mean - -VOT values for  /ptk/

(cf.. sections 31 and 3;2); If We _assume the children to be using a~simple
algorithn 'Iengthen VOT for the voiceless stops', then we have the unususl

‘situation in which an entire range of the VOT continuum has been skipped--the ,

{

' range which is moreover the precise range of adult values,
& ' '. . - : . : t

If the child is uniformly' attempting to - iengthen the VGT of the

voiceléss. stops it wﬁuidhbe reasonable to assume that the abruptness of the

enaﬁgé between stages fr2and I1I;..and thus the appearance of discontinuity,

“dre largely ‘caused: by sampling interVal. It may be that at the point at"

yhieh44theffchiidh_hegins 4%0- produce .voiceless stops with long lag voicing,
”changes occur -fairly rapidly in the child's production; in which casé, a two
. week recording intervah {and obviously a three and four week interval also)

. is . too great a time interval to show the futl curve of progressively longer

mean "VOT values:' Certainly, the development of many motor skills show faster
'skill,, improvement at some time periods. than .at others. Similarly, ‘the

acquisition of many motor skills show learning curves similar to- that shown f

in these data.eae stage. showing a ‘gradual increase toward the target (stage

' II) followed by“a“stage ;n wﬁich the target is over shot (stage 111- A)

e ot ; ) : ., .

4:T§‘ "t . _
: Hoﬁever, it' may be that a discontinuity does exist in the

" of different ynderiyihg skills: in this view( stage 111 could. correspond to:'

the child's acquisition of the aspiratgbn component .of adult . voiceless dtops,; - .

-whereas during the previous stage, thé’child was using &,different;phonetic
component’ to d 'stinguish adult voiced*voiceiess stops. Ieopoldl‘1 A?) says

that.  his daughter acquired the voiced-voiceless contrast a 7] His
EEE;'fhe

daughter 's’ contyast .wds not adult-like however: in Hiidegard‘s

adult 'voicingh;cpntrast was marked by the presence (in voicelés -.stops) or .-
absence (in. VOicéd stops) of "energetic release". In our data; late stage 588

esunglily- not perceptible) nmay be  simildr to “the

stage déscrlgpd by Peopold; if this were the case, ‘the

(since early
"energctic r

chiidren ipuetage LI£WOuld be - sepératiﬁg stops on the basis of a feature like
'tenseness‘ (or buvst amplitude) Another possibility would be that stage 11

data represent the children's. -attempt’ to. reproduce _solely the first formant
differences b

etween adult voiced and voiceless stops (note that the mean VOT

values forjthe voiceless stops in. etage II (A and B) data range from +10 ms

to +403ms, ;he approximate area of F1 cutback in‘adult voiceless stops)}

E 'hg The crucial difference between the two hypotheses is the following.

th§ single skill‘hypothesis assumes that the child recognizes the temporal

differences between voiced :and .voiceless stops and attempts to achieve .this

tnntrast by progressively iengthening the*VOT of the voieeless_stops, ‘the .

i ‘ _*-__ N

W
H-a
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‘Sklll intéraﬁtion hypothesis assumes that the child has broken the vo1cing o

contrast down into two (or more) fairly distinct pérceptual components andi'f

two changes his or her productions.to inCorporate the second component. The- ‘

flrst hypothesis would predict that changes in VOT over time would show .
:progression through the complete VOT continuum, whereas the second hypothesis

“would predict a qualitative break in the changes in VOT at. seme point on the
continuum -Since ‘the virtual absence of transition data in: thé range for

‘adult- /ptk/ means may be due- to'sampling interval, and 'since changes could.
occur fairiy abrupt&y in -either. the .singte. skiii or the skill interaction;j';

‘hypothesés, we have no-way to conclusively resplve this i'ssue. It sholild bei?_j:
obvious, however, that although VOT may be thought of as° a single continuum,

it does in. fact _represent the conflation of- several acoustic and articulatory -

components; thus, ‘changes in-VOT do not necesSarily indicate the. development,;

of a single underlying skill. . g

4.3 Two models for. developmental §ound changes_ e

(-'

The ’sp’ééd With Which the children move from Stage 11 knto stage 111

‘may-partially account for the ‘across<the-board' model of change discussed by’

Smith 1973, This model, which is similar in somg -ways to the nineteenth_
century;. neogrammarian model’ for historical . change, claims that When a

phonological - change occurs in a .child’s . System;, -it does so rapidly and*

applies to all relevant forms (cf. ‘the neogrammarian tenet” that 'sound changes‘
have no exceptions) In contrast, the 'lexical diffusion' model, ‘which was

originally used to describe historical changes in Chinese,” claims that 'a.

phonological . change propagates itself’ gradually across the lexicon. from

morpheme to morpheme (Chen and Wang 1975, :255)'. . In studies of child -

phonology acquisition, evidence in support of the latter hodel has been
presented by Hsieh 1972 and by Ferguson and Farwell 1975 The two models

gradual) and the nature of the change (few if any lexical exceptions Versus
many lexical exceptions).  Both’ models as used in the child phonology

literature would predict at least some variability during the stage at whtch,

a change is taking place.‘ , . o . > ARG ¥
: Aithough,the children s phonetic acquisition of adult like long lag
voicing does appear to occur quickly (stage IT1-R), we have evidence .that the

children are making a phonological contrast even earlier, that dt- least one

child (Tessa) was ‘improving this contrast throughout stage II, and that for

the- two children for whom we see the acquisition process._ completely- (Tessa).;
and Jane), the ‘spread- of the voicing contrast-across all three places of

articulation takes approximately three months -Since at some point,. the = -

chitdren's voiceless stops move ‘tht

voiceless. stop (stage '11- B), an adultis judgment of 'across< th-”ﬁ
is more directly a function of the categorical nature ‘of the adult'

: hange’
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",_perception than aifunction”ojf %‘IZ, categorical change in the children s
.?‘-productmn,r .°to. thef exte,nt that the: children lengthen the VOT of the
" voiceless stops Crom . stage "II=A - through stage II- =By, the description

"'v'across the board'_.thi;:h implies -rapid phonological change--is erroneous.

Since the 'across- the-board' label’ could be applied to the thanges seen at ;“ '

stage I1IA, ,the model aeetxrately describes a phonetic change but cannot

account for the slow. (three ‘month) phono}ogieai changes in the stop system as '

- —

- & whole; the gradualheSs of this change is predicted correctly b? the lexical
diffusion model.. o ¥ : ‘ ,

ect‘";" overwheimingly demonstrate that the

onemé™wiil”-be found in: any -word which. begins

'}thh that phoneme, provided B is prodlxced a numbér of tiies. Thus, in :

;general, we .have little: evidence fo

hé. lexical parameter assumed by the

.

. lexical diffusion model' insofar as - this iexi,cal homogeneity refutes ‘this &

- model; ' we have evidence for a model wh"i-gh would predict -the lexical
he’;.across-the-board model would; .

.‘exceptionless nature of - the change,_ the;
- Samplihg; however, is agdin a. criticai fac,to{f‘

that .our data’adequately represent. each child'
-"we clearly did not record, on each session;’ al
knew; in addition, it is possible ‘that we. did

" intervals fully document the time of;;

the words that the children

t record ‘at frequent enough

chan’ge- cf. - the - preceding

"discussion). Thus; it may be that our method was 111 suited to provide data

of the sort required by the lexical diffusion model

. In_ summary, the generall‘; ceptionlesss nature |
developmental changes is. correctly p edicted by the across -the- board model,

and the gradual spread of the phonological” voicing cohtr st through the stop .
system corresponds. to the concept” of‘gradual change found ' tn the lexical'

diffusion model. .However; some word § do: appear -to ‘'beé. exceptions to the

pattern in a particular stage (e:.g:
one child's data "long. lag voicing may have first’ -appeared in 'new’ words'

these data could be evidence for the lexical diffusion model; Simiiarly, ) the’ |

transition into, .stage’ 111A could be described as: 'across- the-board'." Thus,

correspond well: with. particular aspects of the’ data reported here.

neither nodel - is completely correct but - both ‘have impo,rtant elements that'

4; 4 Additi‘onai findings

In - addition to. evidence for three stages in the acciui_.'siti,on of
voicing in the stop system as 4 whole, we have some data on the order of . .

acquisition within the system and data on|the effect of place of articulation
on the process. . For tWO of the chiidi

ren (Tessa ‘and Jane),’ the voicing
en at the labial- and finally at the

contrast appears first at the alveolar, t

velar place of articulation; ‘these  children also . establish non-overlapping . - :
rangés first at the alveolar place (see s'ctions 3.2 and 3. 3. . For one child:

Although- we. are confident
ocabulary . (see section 2.2),°

, Tessa; . t_x andy% Jane), and in:
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(Jay), evidence for 4 contrast appears.in the alveolar and vélar data but ot

at all in the iabial data. For three children (Tom, ‘Tessa and Jane); voicing

at the velar place presented more difficulty than at the other tWo _places.

lag production range and thus almost ‘into the. adult perceptual boundaries for .

- /k/; Jane went through a short stage when /g/ was produced - with extremely, C
long 1lag. values.  ~ For all four children, voicing lead " was produced =

significantly more often at the iabiai ptace of articulation (s€e sections

3.1-3.4), ‘and in general labial mean VOT values were shorter -than alveolar
means; with velar 'means the l'o'hgést. f/early, place of articulation, with -

: the associated aerodynamic and physiological differences, is an important

variable in the production of cing. *Possxbly related to the differential
affect of place of art1culat10n on the production of v01cing is the lexicai .

sessions. For at least one chxld (Jane), this. asymmetry—-—in particular the -
low frequency of words beginning with /p/ and /g/ in her vocabulary~-appeared . .

;to be an important factor in the’ acquisition of the voicing contrast itseif.

. The range of individual differences with respect ogage “of
acqu:sition is striking. Three children acquired a relatively adult- like -
voicing .contrast at all three places of articulation by approximately '1; 9;

-the fourth chiid ‘who was in all other. respects deveioping normally had not:
‘done. so. by 27415 More importantly, ‘the contrast: that this child was

maintainin§ Bétween 7ds t7 and 7/g:k/ most likely could not have been detected
by parents or other .adults, Similarly, the. earliest contrasts of two other
children . (at . approximately 1; 5 Tessa . and. 18 Jane) -and possibly the first

'contrast of the third other child (at least by 1;7 Tom) presumabiy would not

have been relxably detected by adults. '

‘.

P

' ’-":i“'ln conclusion then, the vo1cing ‘contrast appears to be learned very .‘;:-'

*ariy' evidence that children have acquired the. appropriate phonoiogicai

contrast -may . be found. in .the productions of children as young .as' 1;5:

However, ; it may take up to eleven- months before the children s productions
‘improve %o the _point where the contrasts that the children are making may be
perceived by ‘adults. - Cbnsiderable progress toward the: production of an .

adult-1ike voicing contrast is - typicaiiy made py the age of :2; 0, although

there are striking individual .differences. Although considerable progréss is:-
usually made- by 2;0, ‘it may be many . months .(or ‘even years) before children

acquire ‘stfficient ,a‘rticulatory skill to consistently produce aduit—iike

'voicing (Ziatin and Koenigsknecht i976' Gilbert i977) o

15 The fourth child acquired an adult like contrast by at least 2 6. 19
(see sectiori 3.4); On the . basis of the transcriptions, the. fifth child

T -

recorded had acquired an adult-iike contrast at all. three - places -of

articulation by at least 1 6. 27, her first recording session. .

44



"nersnsness o

,,,,,,,,,,,,,

_ Barton, Davi 1976 The role of perception in the acquisition of _i
phonology._ "Ph. D. dissertation. University of ‘London. o S

o Boﬁd 25 and B 'ifﬁjii;gn:jjéﬁ "Vofcing in' the- speech of -

ianguage -delayed - children; ° Paper presernted at the 93rd meeting -of the

‘Acoustical Soclety. of America; (June), e
I Brovn; Roger. 1973. ‘;W ) Language: « : S '
Cambridge, Mass.: Harvard UniverSIty Press._»i N _
: ) AR . ” ) ' ‘.‘.' Lot - - ' D o N . . "
o Burling, ﬁv_:'iégé. Language development of a Garo and Engiish .
speaking child.;_Word 15(1) 45-68. N _ _ o

Bush G N., M.t Edwards” J M Luckau, C.M Stoel, M. A, Macken, and
J.D.' Petersen. 1973.  On specifying a. system for transcribing -consonants ‘in a?
Chlld language' a working paper:iwith examples from American English and

Mexican Spanish Stanford Hniversitv Bepartment of tinguistics.’;:- .

-

: Ao Ghen, Matthew and Wiiiiam 5-Y Wang. : 1575; dsodnd~'changei ;
actuation and implementaﬁion. Lg. 51 255~ 281.7»_(- R

. Chomsky, Noam and Morris alle. 1968, - The' Sound- Pattern of
Enalish. New York: . Harper-and Row. T

Bean, c. Richardfand Borothygjnfﬂhntington. 1976. - The acpustic’i

bases’ of the voiced-voiceless ‘distinction in’ esophagal speech "~ Pap I
presented at the annudl neeting of the American Speech and Hearing Asso ;a~
(November) Houston, Texas."' IR 2 ot S

R Ferguson, Gharies A. 1977 New directions in phonological the r
language -acquisition ‘and universals ‘resedrch. In* Roger W'y Cole (Ed )
C 7 —in;Lin”uistic—?heor".- Bloomington. Indiana Hniversity Press.

. P ; ..r -
o ", s . v‘

LR 7:7:7;;:7:;;:;;77and Garoi B Farweii v ‘19753.:_ Wofdséﬂa §6uﬁa§ in Earxly _ :_ .
1angnage acquisition. 51(2) 419 439 _-;n"f_ﬂ T T T T N
o | o o ~

4
P S

L Gamkrelidze, T V.. 1975 ~On- the correlation of?“stopsi¢and,'
fricatiyes fn a phonological system. 'giﬂggg 35.231 262 S N

N,
Sem




S e e "/: gis ‘ LR . Vol
o o 7 R : ; ; o ;
R PR ,/" . . . . & e L
P P S T . : s e .
Tt (RN ws- o LR
o L . . : N ., 7 M N N “
. . s o

"GIIbSFE, ‘John HV:, 1975 A vagée onset time analysis of apical

stop production in three year olds.. J. Ch. ég? 4 103 110. o ‘:?'ﬂiU

N R . . . N il
s . . N o - B . . . Y

P N

CHirsh, 1 J. iéé@ﬁ“ éuditor? pertéptidn,oE iémporal order. JASA.

;3& 759 767 ', LT P

____-.—_._

sense modalit1es.i J: Exp: Pézéﬁol.‘ 62 423-432 g LT
. : ,--.__. . . ( ) o - 7;. l . | .'.-7._.";_. L

. and C:UB Sherrick 19610 Pérceived order in different

e

Hsigh, Hsin=l. 1872, Lex1ca1 diffusion:~ evidéice from -child

.language acquisit1on.; lgssa."s 89 10!. L e R

_".s . .m
P A

b Huntington, Borothy A., Haroid Giumeck; Mariys Macken and Beborahl

;6ﬁéjék.. 1977. . Some. methodological considgrations on the study of VOT in'-it’"‘

@

children. -~ ms. Stanford University- Hearing and Speech Sciences,

”saiooson; Roman. 194171968, .5éﬁiiaffj§§ngo§g§j Aphasia “and

'Phonolog;cal Universals The Hague. Moutonx_ (Translated .by. A. "Keiler, .

y - Kéwley Port,. Diane and Maicoim S.: ﬁnéstonu 'iéfd.j: Early apical
stop production.ﬁ a voice onset time anaiyszs. J: Phonetics: 2 i95 210:
R T

,.4_: . I . e

Klatt, Bennis H. 1975, Voice onset time, frication and aspiration -

i

'1n wofd initxal consonant clusters. JSHR. 18 686 706.ﬂ ST K .

-

Labov, Eilliaﬁ:)-Malcah Yaeger and Ri&ha?d Stexner.; i§§§¢

5;5 York: AMS Pressr; o

*?tin; sin Eﬁin 1971.f Phonetic deveIOpment of Ghinese infants.~

\cta Psychologica: Tajvanica: 13:191- 195._ F R e T

3 : 56 5
tud -”Q ' . piume L. Phiiadaiphial L

Y



R
. o . ,gr C . S
I—.isker, I—.eigh and Arthur 5. Ab dnson. 1964, . A eross-ianguage 2

studyvof voicing in initial stops: " acoustical néasurements - Word 20. 384~

PN

_ zzzz. L o s
S SR and ek 1957&., Some affects of context ofi VOT in- o
‘ Engiish stgps. g .aiid" Speec] L 10(3) i- 28. . E S
e and —_oooo—io i967b The voicing dimension° ~_some
experiments in compax:ative phonetics. o eE e _6th Iater national:

, Prague: - Academie Pubiishing Bouse of thei ;
Czechoslovak Academy of Sciences (1970) 563 567. _ _ '

-
ST

Macken, Mérlys A i§l6.' Pei;mitted complexity in phonological

deveiOpnent. one- chiid's acquisition of - Spanish - consonants._'-, Papers and -

TTRED (ﬁ‘ts'on Child Lan uage Develo nent. ll 28 60. (To appear M
4

- '
|-
'

R PR 7_:'. o o o J\.,‘ Lol
<0 Major, Roy C. '1977; Phonological differentiation of a,bilingual- =
- child. Ohio State Univer-sit?. Workin”"?s”ers_inf n"uistics.~ 22.88-122,

.

LN
-

e Menn, Lise, 1971; ~ Phonotactic ‘rules - in beginning speech:- ﬂﬂéﬁ&i L

26 225—251 - S ;;i?-}'.’ff.- s et : R j
. e , ., . N .,: R . , - ) . . . . ;

T Moslin, _ Barbara t}. 1976. Bevelopment of the - voiced voit:eless,f~ :
' contrast in’ English stops:-. a VOT analfsis of two mother-child dyads.,, Pap.erf‘
presented .o the 7th meeting of the N' he&st Linguistic Society. (To appear

oy v el RE N
. PPN

Deveiopnévf. B e
' isoni, Davi\d B. | 1977 Identification and distrimination  of \the'

relatiVe ¢bnset ' time of two . component, tones: implications for voicing-__

perception in stops._ JLA.\ 61(5) _1352 -1361. - - : - 'ft.-
S 5:5 : L s T IR

o 7'”7-';; B il ,én;'dw Joan B . i.azarus. . 59‘74” B §§t7tegoriceri . énd
noncategoqical modes of - speech perception along the vo:icing continuum._ JASA: .
55(2) 3287333.'»-. - - L ¥ _ R
I~ R . - ,"- .:...:':.'. R B ek .:, o ’
: --'§mith-;'_ Bruce. < 1975, Effects of. recent context and sex on VOT ’in
K2R a o E L T S '

j . q !

; Do S ..:;:. “ g - R Lk
L SRR i £ S /
B e v N

i T LT s e




'v o o . ‘. " . -1?,0- ' :_‘ ) 'li_. 1 N . ;. . .

initiai voieed labial stop consonants 1n English‘ prelininary- observations: -
,Iexas Lingulstic Forum., ‘Zt52-160. oo T R A
, f " §mith, . N.e'i',ison v li_§73; . The e A uisitio
Study. Egiij&i;idg&& .University Press. o :
,f Srivastava, G P 19740 A child's s@cquisition of-in Hi.nd’i.'

conson@nts-__ 3n inguisties, - 35.112-118. .. - . - BT

] .'_ 3 . R . .

» W I v "

formant ‘transitions -in- the - voiced-voiceless distinction’ for stops. JASA,
55653659 o |

o Velte}a, H. V 1943. * The growth of phonemic and Iexical patterns
in infant language. La. 19 281 292, ) R . S
. . . -_-' X ‘,7 . .. Liii 3 ‘."‘%l . . . ' . B ..._,_;'T‘ .
Vihman, Marxlyn M 1977, Consonants harmony' its,f

fﬁnction in child Iang’,uage.. In JP Greenberg_, G~ Ferguson and E.A.
Moravcsik: - (Eds.), . s of | g, Stanford' Stanford ,
Un:ver_sit__y Press.  (To. appear‘ 19~77.);§' B L

| Zlitin, Marsha A 1974, , Voltins Gontrasti . perceptual and.
productive voice onset time characteri tics of adults. - JASA, 56.(3)";;;;981:'39'4...:_‘.
\ RSt N YA AT A
e ’f"‘".and Roy A ) Koenigsknecht. @976 : Development of - t:he,
voicing contrast:’a comparison of - voice onset time in stop perception and
production. _ JSHR: 19 93-111. .~ - S e

e e 7
s ) j “ s

Stevens, Kenneth N and Bennis H.' Kiatt. 1974. The roie of':"’"



